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r  Several  circumstances,  whidb  it  is  unMcei- 
^  lary  to  state  to  the  pufaHc.  faav«e  retarded  the 
N  4^»p6arance  t>f  this  Edition  much  longer  tlmn  iras 
-expected  or  wished  for  by  the  Author.  Meanwhile 
the  Science  of  Chemistry  has  been  advancing  with 
unprecedented  rapidity  i  and  in  oonsequenoe  of 
the  introduction  of  the  atomic  theory  and  the 
^  improvements  in  analytical  precision,  which  were 
the  natural  consequences  of  that  introduction^  it 
-has  assumed  a  regulmty  and  simplicity  that  could 
fiardly  have  been  anticipated.  This  revolutidn, 
together  with  the  great  number  of  new  ideas  and 
new  names  that  have  been  introduced^  in  conse- 
quence of  Davy's  new  views  respecting  the  nature 
of  chlorine  and  muriatic  acid,  of  the  discovery  of 
iodine,  and  of  the  knowledge  of  cyanogen  and  its 
compounds  by  the  sagacity  of  Gay-Lussac,  had 
thrown  a  certain  degree  of  obscurity  over  the 
science,  and  had  given  it  that  unsettkd  and 
fluctuating  appearance,  which  is  apt  to  discourage 
those  who  are  commencing  the  study. 

I  thought  it  necessary,  in  consequence  of  these 
great  changes  and  improvements,  to  new  model 


this  Edition  entirely.  Indeed  almost  the  whole 
of  the  First  Two  Volumes,  which  contain  the 
elementary  part  of  the  science,  has  been  written 
anew.  I  have  been  at  great  pains  to  introduce 
every  new  fact,  as  far  as  I  was  acquainted  with  it^ 
and  to  present  the  science  to  my  readers  in  its 
most  recent  state.  The  work  has  passed  so  ra- 
pidly  through  the  press,  that  it  has  been  tmneces- 
sary  to  add  any  appendix  whatever,  no  facts  of 
sufficient  importance,  of  which  I  was  ignorant 
when  we  began  to  print,  having  come  to  my  know- 
ledge since,  except  such  as  I  was  able  to  intro- 
duce at  least  nearly  into  their  proper  places.  Thus 
the  thorina  of  Berzelius  was  unknown  to  me  when 
the  chapter  on  simple  combustibles  in  the  First 
Volume  was  printing ;  but  I  was  still  able  to  place 
it  at  the  end  of  that  chapter.  Morphia  of  Ser<* 
tiimer  was  unknown  to  me  while  treating  of  the 
alkalies  i  but  I  have  been  able  at  least  to  place  it 
among  the  vegetable  principles;  where  it  must 
always  continue  to  figure. 

Considerable  difference  of  opinion  exists  at 
present  respecting  the  nomenclature  of  the  nu*^ 
merous  class  of  new  substances  that  have  been 
lately  introduced  into  Chemistry.  Sir  Humphry 
Davy  has  invented  a  nomenclature  of  his  own  ; 
but  I  am  not  aware  that  he  has  obtained  hitherto 
any  followers  in  this  country ;  unless  Dr.  Davy 
and  Mr.  Brande  constitute  exceptions  to  the  ob- 
servation.   Professor  Berzelius,  of  Stockholm^  has 
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given  another  nomenclature  to  the  public ;  and 
he  seems  to  be  followed  by  the  Swedish  chemists ; 
and  a  few  of  his  terms  appear  to  have  made  their 
way  into  Germany.  A  third  nomenclature  has 
been  contrived  by  M.  Gay-Lussac,  and  it  would 
appear  that  it  has  been  adopted  by  the  greater 
number,  if  not  the  whole,  of  the  French  chemists. 
The  names,  which  I  have  adopted,  are  all  exactly 
conformable  to  the  laws  laid  down  by  Lavoisier 
and  his  associates,  when  they  published  the  new 
chemical  nomenclature.  They  merely  constitute 
an  extension  of  that  nomenclature,  and  seem  to 
apply  so  happily  to  the  present  state  of  the  science, 
that  I  entertain  sanguine  hopes  that  they  will  be 
found  to  suit  not  merely  the  English  language, 
but  that  they  will  be  easily  intelligible  to  scientific 
chemists  in  every  country  of  Europe. 

Concerning  the  arrangement  which  I  have 
adopted,  it  appears  unnecessary  to  say  much.  It 
is  merely  an  improvement  of  the  arrangement  fol- 
lowed in  the  preceding  Editions  of  this  Work. 
And  it  appears  to  me  to  be  better  adapted  to 
convey  a  clear  idea  of  the  present  state  of  the 
science  in  all  its  bearings  to  the  tyro,  who  is  just 
commencing  the  study  of  Chemistry,  than  any 
other  that  I  have  yet  seen. 

Mistakes  and  defects,  the  consequence  of  w*ant 
of  sufficient  information^  may  no  doubt  still  be 
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detected  in  this  Edition ;  but  I  trust  that  the 
reader  will  give  me  credit  when  I  assure  him  that 
they  are  wholly  involuntary;  and  that  neither 
expense  nor  pains  were  spared  to  avoid  them  as 
much  as  possible. 


London^ 
October  1,1817. 
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As  soon  as  man  b^ins  to  think  and  to  reason,  the  dif-  Introdue* 
ferent  objects  which  surround  him  on  all  sides  naturally  ^'^^ 
engage  his  attention.    He  cannot  iail  to  be  struck  with 
their  nimiber,  diversity,  and  beauty;  and  naturally  feels  a ^ 
desire  to  be  better  acquainted  with  their  properties  and  uses. 
If  he  reflect  also  that  he  himself  is  altogether  dependent  Study  oC 
upon  these  objects,  not  merely  for  his  pleasures  and  com-  °^"'^* 
forts,  but  for  his  very  existence ;  this  desire  must  become 
irresistible.     Hence  that  curiosity,    that  eager  thirst  for 
knowledge,,  which  animates   and  distinguishes  generous 
minds. 

Natural  objects  present  themselves  to  our  view  in  two  pivided 
different  ways ;  for  we  may  consider  them  either  as  separate  j'^^SSj^ 
individuals,  or  as  connected  together  and  depending  on 
each  other.  In  the  first  case  we  contemplate  nature  as  in 
a  state  of  rest,  and  consider  objects  merely  as  they  resemble 
one  another,  or  as  they  difier  firom  one  another :  in  the 
aeoond  we  examine  the  mutual  action  of  substances  on  each 
other,  and  the  changes  produced  by  that  action.  The  first 
df  these  views  of  objects  is  distinguished  by  the  name  of 
Natural  History  ;  the  second,  by  that  of  Sdence. 

Natural  science  then  is  an  account  of  the  evenis  which  Sdcnc«. 
take  place  in  the  material  world.  But  every  event,  or, 
which  is  the  same  thing,  every  change  in  bodies,  indicates 
motion;  for  we  cannot  conceive  change,  unless  at  the  same 
time  we  suppose  motion.  Science  then  is  in  fiu;t  an  account 
of  the  different  motions  to  which  bodies  are  subjected,  in 
consequence  of  their  mutual  action  on  each  other. 
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Intfodiio-        Now  bodies  vary  exceedingly  in  their  distances  from  each 
fr**       J  other.     Some,  as  the  planets^  are  separated  by  many  mii- 
Of  two       ^^'^  ^^  miles;  while  others,  as  the  particles  of  which  water 
kindSfTix.  is  composed,  are  so  near  each  other,  that  we  cannot,  by 
our  senses  at  least,  perceive  any  distance  between  them  ; 
and  only  discover,  by  means  of  certain  properties  which 
they  possess,  that  they  are  not  in  actual  contact.    But  the 
quantity  of  change  or  of  motion,  produced  by  the  mutuaT 
action  of  bodies  on  each  other,  must  depend,  in  some  mea^ 
sure  at  least  upon  their  distance  from  each  other;  if  that 
distance  be  great  enough  to  be  perceived  by  the  eye,  and 
consequently  to  admit  ofaccurate  measurement,  every  change 
in  it  will  also  be  perceptible,  and  will  admit  of  measure- 
ment.    But  when  the  distance  between  two  bodies  is  too 
small  to  be  perceptible  by  our  senses,  it  is  evident  that  no 
change  in  that  distance  can  be  perceptible;   and  conse- 
quently every  relative  motion    in  such  bodies  must  be 
insensible. 
Mcchtni-        Science,  therefore,  naturally  divides  itself  into  two  grettt 
iopby'^iind  '''""^^^^es :  the  first,  comprehending  all  those  natural  events 
cbcnoUcfy.  which  iEure  accompanied  by  sensible  motions ;  the  second,  all 
those  which  are  not  accompanied  by  sensible  motions.    The 
first  of  these  branches  has  been  long  distinguished  in  Bri- 
tain by  the  name  of  Natural  Philosophy j  and  of  late  by  the 
more  proper  appellation  of  Mechanical  Philosophy.    The 
second  is  known  by  the  name  of  Chemistry. 
DeftnitUm       CHEMISTRY,  then,  is  that  science  which  treats  of  Aose 
of  chemu-  events  or  changes  in  natural  bodies,  which  are  not  acoom- 

panied  by  sensible  motions. 
Its  import-      Chemical  events  are  equally  numerous    and   fiiUy  at 
^^'         important  as  those  which  belong  to  Mechanical  Fhilosophjr; 
for  the  science  comprehends  under  it  almost  all  the  changet 
in  natural  objects  with  which  we  are  more  immediateljr 
connected,  and  in  which  we  have  the  greatest  mtoest* 
Chemistry,  therefore,  is  highly  worthy  of  our  attention^ 
not  merely  for  its  own  sake,  because  it  increases  our  know* 
ledge,  and  gives  us  the  noblest  display  of  the  wisdom  and 
goodness  of  the  author  of  nature;  but  because  it  adds  to 
our  resources  by  extending  our  dominion  over  the  material 
world;  and  is  therefore  calculated  to  promote  our  enjoy- 
ment and  increase  our  power. 
As  a  science^  it  is  intimately  connected  with  all  the 
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phenomena  of  nature;  the  ctuies  of  nun,  snow,  tiail,  dew,  incroduo- 
wind,  earthquakes,  even  the  changes  of  the  seasons,  cm  V^*  ,j 
never  be  explored  with  any  chance  of  success  while  we  art  ^^ 
ignorant  of  chemistry ;  and  the  vegetation  of  plants  and 
some  of  the  most  important  functions  of  animals,  have 
recdved  all  their  illustration  from  the  some  source.  No 
study  can  give  as  more  exalted  ideas  of  the  wisdom  and 
goodness  of  the  Great  First  Cause  than  this,  which  shows 
us  every  where  the  most  astonishing  effects  produced  by  the 
most  simple^  though  adequate  means ;  and  displays  to  our 
view  the  great  care  whidi  has  every  where  been  taken  to 
secure  the  comfort  and  happiness  of  every  living  creature» 
As  an  art,  it  is  intimately  connected  with  all  our  manu&c- 
tores.  The  glass  blower,  the  potter,  the  smith,  and  every 
other  worker  in  metals,  the  tanner,  the  soap  maker,  the 
^er,  the  bleacher,  are  really  practical  chemists;  and  the 
most  essential  improvements  have  been  introduced  into  all 
these  arts  by  the  progress  which  chemistry  has  made  as  a 
science.  Agriculture  can  only  be  improved  by  calling  in 
die  assistance  of  chennstry:  and  the  advanti^es  which 
medicine  has  derived  from  the  same  source  arc  tcx>  obvious 
to  be  pointed  out. 

The  word  Chemistry  seems  to  be  of  'Egyptian  origin,  Orisia. 
and  to  have  been  originoOy  equivalent  to  our  phrase  natural 
phUosopky  in  its  most  exteni^ve  sense.  In  process  of  time 
St  seems  to  have  acquired  a  more  limited  signification,  and 
to  have  been  coi^ned  to  the  art  of  working  metals.*  This 
gradual  change  was,  no  doubt,  owing  to  the  great  import- 
ance attodied  by  die  ancients  to  the  art  of  working  metals. 
Ilie  founders  and  iiqprovers  of  it  were  considered  as  the 
greatest  benefactors  of  the  human  race;  statues  and  temples 
were  consecrated  to  thdr  honour;  they  were  even  raised 
above  the  levd  of  humanly,  and  enrcdled  am<»ig  the  num- 
ber of  Ae  Gods. 

How  long  the  word  chemistry  retained  this  new  significa-* 
don  it  is  impossible  to  say;  but  in  the  third  century  we 
find  it  used  in  a  much  more  limited  sense,  signifying  the 
art  of  malting  gold  and  silver.  The  cause  of  this  new  limi- 
tadon,  and  the  origin  of  die  opinion  diat  gold  can  be  made 
by  art,  are  equally  unknown.     Chemistry,   in  this  new 

*  Our  Sn^lith  word  jpibyitcMia  has  uodcrgoiitt  a  siatfkur  chsngs. 
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introdac-    sensc^  seems  to  have  been  culdvated  with  considerable 
J[^^^  eagerness  in  Egypt  and  Greece ;  to  have  passed  from  the 
^"^^^^"^  Greeks  to  the  Arabians,  and  by  the  followers  of  the  Caliphs 
to  have  been  introduced  into  the  west  of  Europe.     Those 
who  professed  it  gradually  assumed  the  form  of  a  sect  under 
Thcalchj-  the  name  of  Axchymists;  a  term  which  is  supposed  to  be 
°^"*"'        merely  the  word  chemist  with  the  Arabian  article  al  pre- 
fixed.* 

The  alchymists  laid  it  down  as  a  principle,  that  the  sub- 
stances which  compose  gold  exist  in  all  metals,  contami* 
nated  indeed  with  various  impurities,  but  capable,  by  a 
proper  purification,  of  being  brought  to  a  perfect  state. 
Tlie  great  object  of  their  researches  was  to  find  out  the 
means  of  producing  this  change,  and,  consequently,  of  con- 
verting the  baser  metals  into  gold.  The  substance  which 
possessed  this  wonderful  property  they  called  lapis  philoso^ 
phorum^  ^'the  philosc^hers*  stone;"  and  many  of  them 
boasted  that  they  were  in  possession  of  that  grand  instru* 
ment. 
Their  opi-  Chemisiri/y  as  the  term  was  used  by  the  alchymists, 
signified  the  art  of  making  the  philosophers'  stone.  They 
affirmed  that  this  art  was  above  the  human  capacity,  and 
that  it  was  made  known  by  God  to  those  happy  sages  only 
whom  he  peculiarly  favoured.  The  fortunate  few^  who 
were  acquainted  with  the  philosophers'  stone,  called  them- 
selves adeptif  <<  adepts ;  *'  that  is,  persons  who  had  got 
possession  of  the  secret :  this  secret  they  pretended  that 
they  were  not  at  liberty  to  reveal;  affirming  that  dire  mis- 
fortune would  &11  upon  that  man's  head  who  ventured  to 
disclose  it  to  any  of  the  sons  of  men  without  the  clearest 
tokens  of  the  divine  authority. 

In  consequence  of  these  notions,  the  alchymists  made  it  a 
rule  to  keep  themselves  as  private  as  possible.  They  con- 
cealed, with  the  greatest  care^  their  opinions^  their  know- 

*  I  am  indebted  for  the  following  etymology  to  my  friend,  the  Rev. 
Mr.  Hohne,  of  St.  Peter's,  Cambridge,  who  was  supplied  with  it  by  tbm 
Rev.  Mr.  Palmer,  Professor  of  Arabic  in  that  University.  ^'  Al-cuemy^ 
or  more  properly  Al-kemy,  the  knowledge  of  the  tuhstanceor  compoiition 

of  bodies,  so  named  from  the  substantive  (>^uO>  (Kiyamon)|  that  is^ 

the  iubstance  or  comtittUion  of  any  thingi  from  the  root  fj^lS  (Kama). 
See  Golius  Lexicou.'^ 
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ledge,  and  their  pursuits.  In  their  communications  witli  intmdac* 
each  other,  they  adopted  a  mystical  and  metaphorical  '^ 
language,  and  employed  peculiar  figures  and  signs  that 
their  writings  might  be  understood  by  the  adepts  only,  and 
might  be  unintelligible  to  common  readers.  Notwithstand- 
ing all  these  obstacles,  a  great  number  of  alchymistical 
books  made  their  appearance  in  the  dark  ages ;  many  of 
them  under  the  real  names  of  the  authors;  but  a  still 
greater  number  under  feigned  titles,  or  ascribed  to  the 
celebrated  sages  of  antiquity. 

How  far  alchymy  had  proceeded  among  the  ancients,  or 
whether  it  had  even  assumed  the  form  of  a  sect,  cannot  be 
ascertained.  Traces  of  it  appear  among  the  Arabians,  who 
turned  their  attention  to  literature  soon  after  the  conquests 
of  the  Caliphs,  and  who  communicated  to  our  barbarous 
ancestors  the  sacred  seeds  of  science.  The  principal 
chemical  writers  among  the  Arabians,  were  G^ber  and 
Avicenna;  and  in  their  writings,  at  least  such  of  them  as  I 
have  had  an  opportunity  of  perusing,  there  appears  but 
htde  of  that  mysticism  and  enigma  which  afterwards  assumed 
a  systematic  form. 

The  alchymists  seem  to  have  been  established  in  the 
west  of  Europe  so  early,  at  least,  as  the  lOth  century. 
Between  the  11th  and  15th  centuries  alchymy  was  in  its 
most  flourishing  state.  The  writers  who  appeared  during 
that  period  were  sufficiently  numerous,  and  very  different 
firom  each  other  in  their  style  and  abilities.  Some  of  their 
books  are  nearly  unintelligible,  and  bear  a  stronger  resem- 
blance to  the  reveries  of  madmen  than  tm  the  sober  investi- 
gations of  philosophers.  Others,  if  we  make  allowance  for 
their  metaphorical  style,  are  written  vrith  comparative 
plainness^  display  considerable  acuteness,  and  indicate  a 
pret^  ext^sive  acquaintance  with  natural  objects.  They 
often  reason  with  great  precision,  though  generally  from 
mistaken  principles;  and  it  is  frequently  easy  enough  to  see 
the  accuracy  of  their  experiments,  and  even  to  trace  the 
particular  circumstance  which  led  to  their  wrong  conclu- 
•ions. 

The  principal  alchymists  who  flourished  during  the  dark 
agesi  and  whose  names  deserve  to  be  recorded,  either  on 
account  of  their  discoveries,  or  of  the  influence  which 
their  writings  and  example  bad  in  determining  the  public 
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introduc-    tast^  were  Albertus  Magnus,  Roger  Bacon,  Afnoldm  de 
^'''"'  Villa  Nova,  Raymond  LuUy,  and  the  two  Isaaoi  of  Hoi* 

land* 


And  writ-  The  writings  of  the  greater  number  of  akbymists  are 
"'^'  markable  for  nothing  but  obscurity  and  absordity.  Thej 
all  boast  that  they  are  in  possession  of  the  philosophei^ 
stone;  they  all  profess  to  communicate  the  method  of 
making  it ;  but  their  language  is  enigmatical,  that  they  maj 
be  understood  by  those  adepts  only  who  are  &voured  with 
illumination  from  heaven.  Their  writings  in  those  be- 
nighted ages  of  ignorance  gained  implicit  credit;  and  the 
covetous  were  filled  witli  the  ridiculous  desire  of  enridi* 
ing  themselves  by  means  of  the  discoveries  which  they  pve* 
tended  to  communicate.  This  laid  the  unwary  open  to  tbe 
tricks  of  a  set  of  impostors,  who  went  about  the  warld 
affirming  that  they  were  in  possession  of  the  philosophers' 
stone,  and  ofiering  to  communicate  it  to  others  fcM*  a  tuit» 
able  reward*  Thus  they  contrived  to  get  possession  of  a 
sum  of  money ;  and  afterwards  they  either  made  off  witb 
their  booty,  or  tired  out  the  patience  of  their  pupils  by 
tedious,  expensive,  and  ruinous  processes.  It  was  against 
these  men  that  Erasmus  and  Ben  Johnson  directed  tlidr 
well  known  satires,  entitled  *^  The  Alchymist.^  The  tricka 
of  these  impostors  gradually  exasperated  mankind  agaimit 
the   whole   fraternity    of  alchymists.      Books   appeared 

*  Albertos  Magntis  was  a  Germi^i  eoclesiaitic.  He  was  bora  in  the 
year  1805,  and  died  in  1280.  Hia  works  are  numerous ;  but  the  most 
curious  of  tbem  is  his  tract  entitled  De  Alchimuiy  which  contains  a  £•• 
tinctview  of  the  state  of  chembtrj  in  the  ISth  century. 

Roger  Bacon  was  bora  in  the  ooontj  of  Somerset,  in  England^  ia  1M4* 
Ifis  merit  is  too  well  known  to  require  any  panegyric  The  greater  nimi» 
ber  of  his  chemiqd  writings  are  studiously  obscure;  but  he  generaUj 
furnishes  us  with  a  key  for  their  explanation.  Some  of  them  exhibit  a 
wonderfully  enlightened  mind  for  the  age  in  which  he  wrote :  his  tract  De 
Mirahili  PoteUate  Arti$  tt  Nature  would  have  done  honour  to  Lonl 
Bacon  himself. 

Araoldus  de  Villa  Noys  isbeUered  to  hare  been  bora  in  Provence^  about 
the  year  124O.  His  reputation  was  Tery  high;  but  all  of  his  writin|gi 
that  I  have  examined  are  so  obscure  as  to  be  generally  unintelligible. 

Baymond  Lully  was  bora  at  Barcelona^  in  1835.  His'  vrritings  are 
fiilly  as  obscure  as  those  of  Arnold. 

It  is  not  known  at  what  period  the  Isaacs  of  Holland  lired,  thoii|^  it 
is  supposed  to  YuLTt  been  in  the  IStk  cantory.    Their  wtitiAgi  ara 
ibctly  plain* 
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against  them  in  all  quarters,  which  the  art  of  printing,  just  intmdoc- 
invented,  enabled  the  authors  to  spread  with  facility;  the**®***       . 
wits  of  the  age  directed  against  them  the  shafts  of  their  ^""^^""'^ 
ridicule;  men  of  science  endeavoured  to  point  put   the 
infinite  difficulty,  if  not  the  impracticability  of  the  art; 
men  of  learning  showed  that  it  had  never  been  understood ; 
and  men  in  authority  endeavoured,  by  laws  and  punish- 
ments, to  guard  their  subjects  firom  the  talons  of  alchy- 
mistical  impostors. 

Chemists  had  for  ages  hinted  at  the  importance  of  dis-  UniYcnal 
covering  a  universal  remedy,  which  should  be  capable  of  ^^^'"•' 
curing,  and  even  of  preventing,  all  diseases;  and  several  of 
them  had  asserted  that  this  remedy  was  to  be  found  in  the 
philosc^hers'  stone ;  which  not  only  converted  baser  metab 
into  gold,  but  possessed  also  the  most  sovereign  virtue  waa 
capable  of  curinf  all  diseases  in  an  instant,  and  even  of 
prolonging  life  to  an  indefinite  lengtli,  and  of  conferring  on 
the  adepts  the  gift  of  immortally  on  earth.  This  notion 
gradually  gained  ground ;  and  the  word  chemistry f  in  con- 
sequence, at  length  acquired  a  more  extensive  signification* 
and  implied  not  only  the  art  of  making  goldf  but  the  art 
also  of  preparing  the  universal  medicine.* 

Just  about  the  time  that  the  first  of  these  branches  was 
£dling  into  discredit,  the  second,  and  with  it  the  study  of 
chemistry,  acquired  an  unparalleled  degree  of  celebrity, 
and  attracted  the  attention  of  all  Europe.  This  was  owing 
to  the  appearance  of  Theophrastus-  Paracelsus.  This  ex- 
traordinary man,  who  was  bom  in  1493,  near  Zurich  in 
Switzerland,  was,  in  the  34th  year  of  his  age,  after  a 
number  of  whimsical  adventures,  which  hod  raised  his 
reputation  to  a  great  height,  appointed  by  the  magistrates 
of  Basil  to  deliver  lectures  in  their  city ;  and  thus  was  the 
first  public  Professor  of  chemistry  in  Europe.  In  two 
years  he  quarrelled  with  the  magistrates,  and  left  the  city ; 
and,  after  running  through  a  complete  career  of  absurdity 

*  TIm  first  man  who  formally  applied  chemistry  to  medicine  was  Basil 
Valentine,  who  is  said  to  haye  heen  bora  in  1394,  and  to  have  been  a 
Benedictine  Monk  at  Erfbrd  in  Germany.  Ills  Currw  TVinmphaHs  An^ 
iimanii  is  the  most  famous  of  his  treatises.  In  it  he  celebrates  the  virtues 
of  antinKmia]  medicines,  of  which  he  was  the  original  discoverer.  It  was 
wnttMi  in  G^raian;  but  there  is  an  elegant  Latin  translation  by  Kirk* 
rin^Qs. 
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Introdoe-    and  debauchery,  died  at  Salzburg,  in  the  47th  year  of  his 
age. 

The  character  "of  this  extraordinary  man  is  universally 
known.  That  he  was  an  impostor,  and  boasted  of  secrets 
which  he  did  not  possess,  cannot  be  denied ;  that  he  stole 
many  opinions  and  even  &cts  from  otliers,  is  equally  true: 
his  arrogance  was  unsupportable,  his  bombast  ridiculoosy 
and  his  whole  life  a  continued  tissue  of  blunders  and  vice. 
At  the  same  time  it  must  be  acknowledged  that  his  talodts 
were  great,  and  that  his  labours  were  not  entirely  usdev. 

ge  contributed  not  a  little  to  dethrone  Galen  and  A vic«ui% 
lo  at  that  time  ruled  over  medicine  with  absolute  power^ 
and  to  restore  Hippocrates,  and  the  patient  observers  of 
nature,  to  that  chair  from  which  they  ought  never  to  have 
risen.  He  certainly  gave  chemistiy  an  eclat  which  it  did 
not  before  possess ;  and  this  must  have  induced  many  of 
those  laborious  men  who  succeeded  him  to  turn  their  at- 
tention to  the  science.  Nor  ought  we  to  forget  that  by  carw 
rying  his  speculations  concerning  the  philosophers'  stone 
and  the  Universal  Medicine  to  the  utmost  height  of  absur* 
dity,  and  by  exemplifying  in  his  own  person  their  empti* 
ness  and  uselessness,  he  undoubtedly  contributed  more 
than  any  man  to  their  disgrace  and  subsequent  banishment 
fit)m  the  science. 

Van  Helmont,  who  was  born  in  1577,  may  be  consi^tered 
as  the  last  of  the  alchymists.  His  death  completed  the 
disgrace  of  the  Universal  ^Medicine.  His  contemporaries^^ 
and  those  who  immediately  succeeded  him,  if  we  except 
Crollius  and  a  few  other  blind  cdmirers  of  Paracelsosy 
attended  only  to  the  improvement  on:hemistry.  The  chief 
of  them  were  Agricola,  Beguin,  Glaser,  Erkem,  Glauber, 
Kunkel,  Boyle,  &c. 

The  foundations  of  the  alchymistical  system  being  thus 

^  I  do  not  mean  that  he  was  tne  only  alchymist  of  his  time;  hut  tli« 
only  man  of  eminence  who  published  on  the  subject.  Mr.  William 
Oughtred  the  mathematician,  for  example,  was  an  akhymist.  He  used 
to  talk  much  of  the  maiden  earth  for  the  philosophers'  stone.  It  was 
made  of  the  harshest  clear  water  that  he  could  gA  which  he  let  stand  to 
petrify,  and  evaporated  by  simmering.  ^  His  son  Ben,"  says  Mr. 
Aubrey,  <<  tended  his  furnaces.  Ha  told  me  that  his  fhther  wonUI 
sometimes  say  that  he  could  iiMik«  the  stone."  Aubr^i  Liva  ^ 
Eminent  Men.    Vol.  ii.  p.  474, 
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Shaken,  the  (acts  which  had  been  a«ceitained  soon  became  introduo- 
a  heap  of  rubbish,  and  chemistry  was  left  without  any  fixed  ^ 
principle,  and  destitute  of  an  object  '  It  was  then  that  a  ^^ 
man  appeared  passionately  devoted    to   the    study,    and  ^^Ury 
thoroughly  acquainted  with  all  the  facts;  who,  by  a  happy '••■•^^^ 
hypothesis,  connected  them  altogether,    pointed  out  the 
proper  objects  of  chemistry,  and  demonstrated  the  im- 
portant puiposes  to  which  it  might  be  applied.    This  man 
was  Beccher.    He  accomplished  the  arduous  task  in  his 
Physica  Subterranean  printed  at  Francfort  in  1669.    The 
publication  of  this  book  forms  a  very  important  era  in  the 
history  of  chemistry.     It  then  escaped  for  ever  from  the 
trammels  of  alchymy,  and  became  the  rudiments  of  the 
science  which  we  find  it  at  present. 

Ernest  Stahl,  the  editor  of  the  Physica  Subterranean 
adopted,  soon  after  Beccher's  death,  the  theory  of  his 
master;  but  he  simplified  it  and  improved  it  so  much,  that 
he  made  it  entirely  his  own :  and  accordingly  it  has  been 
ever  since  distinguished  by  the  name  of  the  Stahlian  theory » 

Ever  since  the  days  of  Stahl,  chemistry  has  been  culti«  Itsprogren. 
▼ated  with  ardour  in  Germany  and  the  north ;  and  the 
illustrious  philosophers  of  these  countries  have  contributed 
highly  towards  its  progress  and  its  n^id  improvement. 
The  most  deservedly  celebrated  of  these  are  M argra£^ 
Bergman,  Scheele,  Klaproth,  Bucholz,  Berzelius,  &c. 

In  France^  soon  after  the  establishment  of  the  Academy 
of  Sciences,  in  1666,  Homberg,  Lemery,  and  Oeofiiroy,  ac» 
quired  celebrity  by  their  chemical  experiments  and  dis- 
coveries ;  and  after  the  new  modelling  of  the  academy,  che- 
mistry became  the  peculiar  object  of  a  part  of  that  illus- 
trious body.  Rouelle,  who  was  made  Professor  of  Che- 
mistry in  Paris  about  the  year  1745,  contrived  to  infuse  hit 
own  enthusiasm  into  the  whole  body  of  French  literary 
men ;  and  from  that  moment  chemistry  became  the  fashion- 
aUe  study.  Men  of  eminence  arose  every  where,  dis- 
coveries multiplied,  the  spirit  pervaded  the  whole  nation, 
extended  itseLf  over  Italy,  and  appeared  even  in  Spain* 
But  the  most  eminont  among  the  French  chemists  was 
Lavoisier,  who  fell  a  Victim  to  the  fiuy  of  the  Revolution, 
and  died  on  the  scaffold  in  the  year  1794. 

After  the  death  of  Boyle  and  of  some  other  of  the  earlier 
members  of  the  Royal  Society,  little  attention  was  paid  to 
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Introdoc-    chemistry  in  Britain,  except  by  a  small  number  of  indivi* 
"*>"•  duals.     The  spirit  which  Newton  had  infused  for  the  ma- 

thematical science  was  so  great,  that  it  drew  within  their 
vortex  almost  every  man  of  eminence  in  Britain.  But 
when  Dr.  Cullen  became  Professor  of  Chemistry  in  Edin- 
burgh, in  1756,  he  kindled  a  flame  of  enthusiasm  among 
the  students,  which  was  soon  spread  far  and  wide  by  the 
subsequent  discoveries  of  BIdck,  Cavendish,  and  Priestley ; 
and  meeting  with  the  kindred  fires  which  were  already 
burning  in  France,  Germany,  Sweden,  and  Italy,  the 
science  of  chemistry  burst  forth  at  once  with  unexampled 
lustre.  Hence,  the  rapid  progress  which  it  has  made  during 
the  last  50  years,  the  universal  attention  which  it  has  ex- 
cited, and  the  unexpected  light  which  it  has  thrown  (m  se* 
veral  of  the  most  important  arts  and  manufiM^tures. 
Aod  pre-  The  object  of  this  work  is  to  exhibit  as  complete  a  view 
as  possible  of  the  present  state  of  chemistry ;  and  to  trace 
at  the  same  time  its  gradual  progress  from  its  first  rude 
dawnings,  as  a  science  to  the  improved  state  which  it  has 
now  attained.  By  thus  blending  the  history  with  the 
science,  the  facts  will  be  more  easily  remembered,  as  well 
as  better  understood  ;  and  we  shall  at  the  same  time  pay 
that  tribute  of  respect  to  which  the  illustrious  improvers  oi 
it  are  justly  entitled. 

A  complete  account  of  the  present  state  of  chemistxy 
must  include  not  merely  a  detail  of  the  science  of  chemistry 
strictly  so  called,  but  likewise  the  application  of  thatsdence 
to  substances  as  they  exist  in  nature,  constituting  the 
mineral,  vegetable,  and  anim^  kingdom.  This  work^ 
therefore,  will  be  divided  into  two  parts.  The  first  will 
comprehend  the  science  of  chemistry  properly  so  called^ 
the  sec^4  will  consist  of  a  chemical  examination  of 
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PART  L 


PRINCIPLES  OF  CHEMISTRY. 


The  olject  of  chemistry  is  to  ascertain  the  ingredients  Objector 
of  which  bodies  are  composed;  to  examine  the  compounds  ^>^°^**^ 
formed  by  the  combination  of  these  ingredients,  and  to  in- 
vestigate the  natmre  of  the  power  whicli  produces  these 
combinations. 

The  science  therefore  natnraUy  divides  itself  into  three 
parts: — 1.  A  description  of  the  component  parts  of  bodies, 
or  of  simple  substances  as  they  are  called.  2.  A  descrip- 
tion of  the  compoimd  bodies  formed  by  the  union  of  simple 
substances.  S.  An  account  of  the  nature  of  the  power 
which  produces  these  combinations.  This  power  is  known 
in  chemistry  by  the  name  of  Affimty.  Tliese  three  par- 
ticulars will  form  the  subject  of  the  three  following  books. 


BOOK  !• 

OF  SIMPLE  SUBSTANCES. 

By  simple  substances  is  not  meant  what  the  ancient  phi-    Book  i. 
losophers  called  elements  of  bodies,  or  particles  of  matter  ^"""v*-^ 
incapable  of  farther  diminution  or  division.    They  signify  ^^^^■^****» 
merely  bodies  which  have  not  been  decompounded,  and 
which  no  phenomenon,  hitherto  observed,  indicate  to  be 
compounds.    Very  possibly  die  bodies  which  we  reckcm 
simple  may  be  real  compounds;  but  till  this  has  actually  ^ 

been  proved  we  have  no  right  to  suppose  it.  Where  we 
acqnainted  widi  all  the  elements  of  bodies,  and  with  all  the 
combinations  of  which  these  dements  are  capable^  the 
sdcnoe  of  chemistry  woold  be.perfect  But  at  present  dun 
is  very  far  from  being  the  casew 
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Book  I.  The  simple  substances  at  present  known  amount  to 
Dmiion  L  about  50,  and  naturally  divide  themselves  into  two  classes* 
Those  which  belong  to  the  first  class  are  of  too  subtle  a 
nature  to  be  confined  in  any  of  the  vessels  which  we  pos- 
sess. They  cannot  therefore  be  exhibited  in  a  separate 
state,  and  their  existence  is  merely  inferred  from  certain 
phenomena  exhibited  by  the  second  class  of  bodies  in  pe- 
culiar circumstances*  Tliey  do  not  sensibly  a£Pect  the  most 
delicate  balance,  and  therefore  have  received  the  name  of 
imponderable  bodies.  The  second  class  of  bodies  may  be 
confined  in  proper  vessels,  may  be  exhibited  in  a  separate 
state,  their  weight  and  other  properties  soay  be  determined. 
They  have  received  the  name  of  ponderable  bodies.  It  will 
be  exceedingly  convenient  to  consider  these  two  classes  se- 
parately. We  shall  place  the  imponderable  bodies  first,  be- 
cause during  the  account  of  them  we  shall  have  an  ojppoT'm 
tunity  of  introducing  several  general  fiu^ts  and  doctrines 
which  will  serve  to  elucidate  the  other  departments  of  che« 
mistry. 
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OF  IMPOICDERABLE  BODIES. 

Nomber.  The  imponderable  bodies  at  present  supposed  to  eidst 
are  four  in  number;  namely,  lights  heatj  electricity^  and 
magnetism^  The  first  three  of  d^ese  are  intimately  con- 
'  nected  with  chemistry,  and  appear  to  be  the  agents  in 
many  of  the  most  important  phenomena  connected  with 
the  science.  But  as  magnetism  has  no  known  connection 
with  chemistry,  it  cannot  with  propriety  daim  a  pbce  in 
this  work. 


CHAP.  L 

OF  LIGHT. 


Every  person  is  acquainted  with  the  light  of  the  son^tfae 
light  of  a  candle,  and  other  burning  bodies ;  and  every  one 
knows  that  it  is  by  means  of  light  that  bodies  are  rendered 
visible. 


.   LIGHT.  IS 

Conceriiing  thd  natiure  of  this  lights  two  dlBferent  theories  Chap.  I. 
have  been  advanced  by  philosophers.  Huygens  considered  ^T'^'^ 
it  as  a  subtle  fluid  filling  spage^  and  rendering  bodies  visible  Ugbu 
by  the  undulations  into  which  it  is  thrown.  According  to 
his  theory,  when  the  sun  rises  it  agitates  this  fluid,  the  un« 
dulations  gradually  extend  themselves,  and  at  last,  striking 
against  our  eye,  we  see  the  sun.  This  opinion  of  Huygens 
was  adopted  also  by  Euler,  who  exhausted  the  whole  of  hia 
consummate  mathematical  skill  in  its  defence. 
.  The  rest  of  philosophers,  with  Newton  at  their  head,  con- 
sider light  as  a  substance  consisting  of  small  particles  con- 
stantly separating  from  luminous  bodies,  moving  in  strai^t 
lines,  and  rendering  bodies  luminous  by  passing  firom  them 
and  entering  the  eye.  Newton  endeavoured  to  establish 
this  theory  on  the  firm  basis  of  mathematical  demonstration ; 
by  showing  that  all  the  phenomena  of  li^t  may  be  mathe- 
matically deduced  firom  it.  Huygens  and  Eider,  on  the 
contrary,  attempted  to  siq^port  their  hypotheses,  rather  by 
starting  objections  to  the  theory  of  Newton,  than  by  bringf* 
ing  forward  direct  proo&  Their  objections,  even  if  valid^ 
instead  of  establishing  their  own  opinions,  would  prov^ 
only  that  the  phenomena  of  light  are  not  completely  un^ 
derstood ;  a  truth  which  no  man  will  refiise  to  aduiowledge^ 
whatever  side  of  the  question  he  adopts. .  Newton  and  his 
disciples,  on  the  contrary,  have  endeavoured  to  show,  thit 
the  Ipown  phenomena  of  light  are  mcxmsisieni  with  the  un* 
dulations  of  a  fluid,  and  that  on  such  a  supposition  there 
can  be  no  such  thing  as  darkness  at  all.  They  have  also 
brought  forward  a  great  number  of  direct  arguments,  which 
it  has  been  impossible  to  answer,  in  support  of  their  theory. 
The  Newtonian  theory  therefore  is  much  more  probable 
than  the  other.  But  without  attempting  to  canvass .  the 
merits  of  these  different  hypotheses,  let  us  proceed  to  state 
the  properties  of  light. 

1.  It  was  first  demonstrated  by  Rocmer,*  a  Danish  phi- 1^  velooltjr. 
los<^her,  that  light  takes  about  eight  minutes  in  moving 
across  one  half  of  the  earth's  orbit;  consequently  it  moves 
at  the  rate  of  nearly  200,000  miles  in  a  second.    The  dis- 
covery of  Roemer  has  been  still  fiirther  confirmed  and  elu- 

*  Pliil.  Trans,  xii.  83. 


tt  nfMNDXBABLE  BODIES. 

BookL   eidated  by  Dr.  Bradle/s  ireiy  ingenbiu 

^1;^^^-  ntioD  of  tlie  light  of  the  fixed  itars.* 

It^^!^^  8.  While  a  ray  of  light  is  passing  through  tke  tame 
medium^  or  whoi  it  passes  perpendicularly  fix>m  one 
medium  to  another,  it  continufs  to  move  without  changing 
its  direction ;  but  when  it  passes  oUiquely  from  one  medittm 
to  another  of  a  di£Eerent  density,  it  alwajrs  bends  a  little 
firom  its  old  direction,  and  asiwimes  a  new  one.  It  is  tkesi 
said  to  be  refracted.  When  it  passes  into  adenser  medium^ 
it  is  refiracted  iou/orvb  the  perpendicular ;  but  when  it  passes 
into  a  rarer  medium,  it  is  refiractedynim  the  perpendicular. 
In  general,  the  4)uanti^  of  refiraction  is  proportional  to  the 
density  of  die  medium;  but  if  die  medium  becombusdUe, 
die  refraction  is  greater  than  it  would  otherwise  be.f  In 
dM  same  medium  the  sines  of  the  an^es  of  incidence  and 
cf  refracdon  have  alwi^  the  same  ratio  to  eadi  other. 

It  has  been  the  general  opinion  of  philosophers  since  dbe 
days  of  Newton,  that  the  refractive  power  of  the  same 
body  in  different  states  is  propordooal  to  its  density.  But 
M.  M.  Amgo  and  Petit  have  latdy  shown  by  a  set  of  ex* 
periments^  that  when  a  liquid  body  is  converted  into  vapour, 
its  refractive  power  diminishes  at  a  greater  rate  than  its 
density.  Thus  die  refractive  power  of  sulphuret  of  carboot 
irhile  liquid,  vriien^ompared  to  diat  of  air,  is  a  litde  greater 
dian  S;  while  diat  of  die  same  substance  in  the  state  of 
vapour,  being  likewise  refisrred  to  air,  does  not  surpass  2» 
The  liqmds  tried  by  these  philosophers  were  sulphuret  of 
carbon,  sulphuric  ether,  and  muriatic  ether.):  This  newly 
discovered  fiu^t  constitutes  one  of  the  strongest  objections 
to  the  Newtonian  theory  of  light  that  has  yet  been  ad- 
vanced. 

IgiroHon  3.  When  a  ray  of  light  enters  a  transparent  medium, 
as  a  plate  of  glass,  with  a  certain  obliquity,  it  continues  to 
move  on  till  it  comes  to  the  opposite  sur&ce  of  the  glass; 
but  then,  instead  of  passing  through  the  glass,  it  bend^ 
and  passes  out  again  at  the  same  surface  at  which  it  en« 

*  PhiL  Trans,  xxxv.  637^  and  xlv.  1. 

t  It  was  the  knowledge  of  this  law  that  led  Newton  to  suspect  the 
diamond  to  be  combustible^  and  water  to  oontain  a  combustible  in^e- 
dient. — Optks^  p.  73. 

t  Ann.  de  Chimie  et  Physique^  i.  1. 
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tered;  just'  as  a  ball  would  do  if  made  to  strike  obliqtidy  Chap.  I. 
against  the  floon  The  ray  iff  then  said  to  be  reflected.  ^'— v— ^ 
The  angle  of  reflection  is  always  equal  to  the  angle  of  inci- 
dence. When  the  surface  of  a  medium  is  polished,  as 
glass  or  mirrors,  oblique  rays  do  not  enter  them  at  idl,  but 
are  reflected  when  they  approach  the  surface  of  the  body. 
All  surfaces  are  capable  of  reflecting  a  greater  or  smaller 
number  of  oblique  rays.  Rays  are  only  reflected  at  surfece^ 
Newt<»i  has  explained  these  phenomena  by  supposing  an 
attraction  to  exist  betwe^i  light  and  the  medium  through 
which  it  is  moving,  the  medium  towards  which  it^  is  ap- 
proachmg,  or  the  bodies  in  its  neighbourhood. 

4.  S(Mne  siibstances,  as  water,  are  transparent^  or  allow  Opidij 
light  to  pass  freely  through  them ;  other,  as  iron,  are  opaque,  *^  ''*"•• 
or  allow  no  light  to  pass  through  them.     Now,   it  can 
scarcely  be  doubted  that  the  component  particles  of  all 
iiodies  are  far  enough  distant  from  each  other  to  allow  the 

free  transmissicm  of  light;  consequently  opacity  and  trans- 
parency must  depend,  not  upon  the  distance  of  the  pard* 
cles  of  bodies,  but  upon  something  else.  Newton  has 
shown,  that  transparency  can  only  be  explained  by  sup- 
posing the  particles  of  transparent  bodies  uniformly  ar- 
ranged and  of  equal  density.  When  a  ray  of  light  enters 
"SUch  a  body,  being  attracted  equally  in  every  direction,  it 
is  in  the  same  state  as  if  it  were  not  attracted  at  all,  and 
therefore  passes  through  the  body  without  obstruction.  In 
opaque  bodies,  on  the  contrary,  the  particles  are  either  not 
uniformly  arranged,  or  they  are  of  unequal  density.  Hence 
the  ray  is  unequally  attracted,  obliged  constantly  to  change 
its  direction,  and  cannot  therefore  make  its  way  through 
the  body. 

5.  When  a  ray  of  light  passes  through  a  cr3fstallized  Double  m 
body,  provided  the  primitive  form  of  the  crystal  be  neither  fr"^*»<"^« 
a  cube  nor  a  regular  octahedron,  it  is  split  into  two  distinct 

rays,  one  of  which  is  refracted  in  the  ordinary  way,  while 
the  other  sufiers  an  extraordinary  refraction.  Hence,  when 
an  object  is  viewed  through  such  a  crystal  it  appears  double. 
Such  bodies  are  said  to  refract  doubly.  The  laws  of  this 
double  refraction  were  first  accurately  explained  by  Huygens. 
Calcareous  spar  is'  one  of  the  substances  which  possesses 
this  property  in  the  most  striking  degree* 

6.  If  a  ray  of  light  foil  upon  a  polished  surface  of  glas 
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Book  I.    at  an  angle  of  incidence  of  S5^  2B\  it  ivill  be  r^ected  in  a 

piyjiionL  straight  Kne^  making  the  angle  of  reflection  equal  to  the 

p^[y"*^  angle  of  incidence.    Let  us  suppose  another  plate  of  glass 

tioii.  td  be  so  placed  that  the  reflected  ray  will  &I1  upon  it  like* 

wise  at  an  angle  of  S5^  25\    The  second  plate  may  be 

turned  round  its  axis  without  varying  the  angle  which  it 

makes  with  the  ray  that  falls  upon  it.    A  very  curious 

circumstance  may  be  observed  as  Uiis  second  glass  is  turned 

round.    Suppose  the  two  planes  of  reflection  to  be  parallel 

to  each  other,  in  that  case  the  ray  of  light  is  reflected  from 

the  second  glass  in  the  same  manner  as  from  the  first  glass. 

Let  the  second  glass  be  now  turned  round  a  quadrant  of  a 

circle^  so  as  to  mdce  the  planes  of  reflection  perpendicular 

to  each  other.    Now  the  whole  of  the  ray  will  pass  throu^ 

the  second  glass,  and  none  of  it  will  be  reflected.    Turn  the 

isecond  glass  round  another  quadrant  of  a  circle,  so  as  to 

make  the  reflecting  planes  again  parallel,  the  ray  will  now 

be  reflected  by  the  second  glass  as  at  first    When  the 

second  glass  is  turned  round  three  quadrants,  the  whole 

light  will  be  again  transmitted,  and  none  of  it  reflected* 

Thus,  when  the  reflecting  planes  are  parallel,  the  light  is 

reflected;  but  when  they  are  perpendicular  the  light  is 

transmitted.     We  see  that  the  light  can  penetrate  through 

the  glass  when  in  one  position ;  but  not  when  in  another. 

Malus,  who  first  observed  this  curious  &ct,  accounted  for  it 

by  supposing  that  the  light  had  bent  into  another  position, 

just  as  a  needle  does  when  acted  upon  by  a  magnet.     He 

therefore  called  this  property  of  light  its  polarization.  Since 

his  death,  the  phenomena  of  the  polarization  of  light  have 

""  been  examined  with  much  assiduity,  and  many  new  facts 

discovered  by  M.  M.  Biot  and  Arago,  and  by  Dr.  Brewster. 

Deeompo-       7.  When  a  ray  of  light  is  made  to  pass  through  a  trian- 

«^  nyi.  S^^^  prism,  and  received  upon  a  sheet  of  white  paper,  the 

image,  or  spectrum  as  it  is  called,  instead  of  being  circular, 

is  oblong,  and  terminated  by  semicircular  arches.     In  this 

case  the  refraction  of  light  is  increased  considerably  by  the 

figure  of  the  prism.     Ck)nsequently  if  light  consists  of  a 

congeries  of  rays  dififering  in  refrangibility,   they  will  be 

separated  from  each  other :  the  least  refrangible  occupying 

the  luminous  circle  which  the  ray  would  have  formed  had  it 

not  been  for  the  prismatic  form  of  the  glass ;  the  otheiB 

going  to  a  greater  or  smaller  distance  from  this  circle 
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to  th^  refirangibility.  The  oblong  figure  of  the  Cbap.  I. 
qpectram  is  n.  proof  tfaat  li^bt  eoasists  of  rays  diflferently 
leirangible:  anid  as  the  spectrum  exhibits  seven  colours^ 
these  rajs  hare  been  reduced  under  seven  classes.  The 
colours  are  in  the  following  order ;  Rkd^  O&angx,  Yellow^ 
6msBi«,  Blub,  Indigo,  Violet.  The  red  is  the  least 
reftimgible^  the  violet  the  most ;  the  others  are  reirfmgible 
in  the  order  in  which  they  have  been  named.  Newton 
ascertained,  by  actual  measurement,  that  if  the  whole  of  the 
spectrum  be  divided  into  360  parts,  then  the  red  will 
occupy  45  of  these  parts ;  orange,  27 ;  yellow,  48 ;  green, 
60;  blue,  60;  indigo,  40;  violet,  80.  But  they  have  been 
since  observed  to  difier  somewhat  in  their  relative  laiigths 
in  the  spectrum,  according  to  the  refracting  medium. 

8.  These  coloured  rays  differ  from  each  other  in  reflexi* 
bility  and  inflexibility,  precisely  as  they  do  in  refrangibility : 
the  red  rays  being  least  reflexible  and  inflexible,  the  violet 
most,  and  the  rest  according  to  their  order  in  the  prismatic 
spectrum. 

9.  Every  one  of  these  coloured  rays  is  permanent;  not 
being  affected  nor  altered  by  any  numb^  of  refiractions  or 
reflections. 

The  properties  of  light  now  enumerated  constitnte  the 
object  of  the  science  called  Optics.  They  prove^  in  the 
most  decisive  manner,  that  light  is  attracted  by*other  bodies ; 
and  not  only  attracted,  but  attracted  unequally.  For  com- 
bustible bodies,  provided  all  other  things  be  equal,  refract 
light  more  powerfully  than  other  bodies,  and  consequently 
attract  light  more  powerfully.  But  it  is  variation j  in  point 
of  strength,  which  constitutes  the  characteristic  mark  of" 
chemical  affinity.  Hence  it  follows  thai  the  attraction 
which  subsists  between  light  and  other  bodies  does  not  differ 
^from  cliemical  affinity.  The  importance  of  this  remark 
will  be  seen  hereafter. 

10.  The  rays  of  light  differ  m  their  power  of  illuminating  Illuminat* 
objects:  For  if  an  equal  portioil  of  each  of  these  rays,  one  ©f^JSu*' 
afler  another,  be  made  to  illuminate  a  minute  object,  a 
printed  page  for  instance,  it  will  not  be  seen  distinctly  at 
the  same  distance  when  illuminated  by  each.  We  must 
stand  nearest  the  object  when  it  is  illuminated  by  the  violet: 
we  see  distinctly  at  a  somewhat  greater  distance  when  the 
object  is  illuminated  by  the  indigo  ray ;  at  a  greater  when 
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Book  I.    by  the  blue;  at  a  still  greater  when  by  the  deep  green ;  and 
Division  I.  ^^  ^g  greatest  of  all,  when  by  the  lightest  green  or  deepest 
yellow :  we  must  stand  nearer  when  the  object  is  enlightened 
by  the  orange  ray,  and  still  nearer  when  by  the  red.     Thus 
it  appears  that  the  rays  towards  the  middle  of  the  spectram 
possess  the  greatest  illuminating  power,  and  those  at  tlie 
extremity  the  least ;  and  that  the  illuminating  power  of  the 
rays  gradually  diminishes  from  the  middle  of  die  spectrum 
towards  its  extremities.     For  these  facts  we  are  indebted  to 
the  experiments  of  Dr.  HerscheK* 
Light  en-         11.  Light  is  capable  of  entering  into  bodies  and  remaiiv- 
ing  in  them,  and  of  being  afterwards  extricated  without  any 
alteration.   Father  Beccaria,  and  several  other  philosophers, 
have  shown  us,  by  their  experiments,  that  there  are  a  great 
many  substances  which  become  luminous  afler  being  exposed 
to  the  light  f    This  property  was  discovered  by  carrying 
them  instantly  from  the  light  into  a  dark  place,  or  by  dark- 
ening the  chamber  in  which  they  are  exposed.     Most  of 
these  substances,  indeed,  lose  their  property  in  a  very  short 
time,  but  they  recover  it  again  on  being  exposed  to  the 
light;  and  this  may  be  repeated. as  often  as  we  please.    We 
are  indebted  to  Mr.  Canton  for  some  very  interesting  expe- 
riments on  this  subject,  and  for  discovering  a  composition 
which  possesses  this  property  in  a  Remarkable  degree.^     He 
calcined  some  common  oyster  shells  in  a  good  coal  fire  for 
half  an  hour,  and  then  pounded  and  sifled  the  purest  part 
of  them.     Three  parts  of  this  powder  were  mixed  with  one 
part  of  the  flowers  of  sulphur,  and  rammed  into  a  crucible 
which  was  kept  read  hot  for  an  hour.     The  brightest  parts 
of  the  mixture  were  then  scraped  off,  and  kept  for  use  in  a 
dry  phial  well  stopped.  $  When  this  composition  is  exposed 
for  a  few  seconds  to  the  light,  it  becomes  sufiiciently  lumi- 
nous to  enable  a  person  to  distinguish  the  hour  on  a  watch 
by  it.     After  some  time  it  ceases  to  shine,  but  recovers  this 
property  on  being  again  exposed  to  the  light.     Light  then 
is  not  only  acted  upon  by  other  bodies,  but  it  is  capable  of 

♦  Phil.  Trans.  1800,  p.  255.       t  Ibid.  Ixi.  812.       J  Ibid.  Iviii.  3ST. 

§  Dr.  Higgins  has  added  considerable  improvements  to  the  method  of 
preparing  Canton's  pyrophorus.  He  stratifies  the  oyster  shells  and  sul- 
phur in  a  crucible  without  pounding  them ;  and  afler  exposing  them 
to  the  proper  heat,  they  are  put  into  phials  furnished  with  ground 
stoppers. 
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uniting  with  them,  and  afterwards  leaving  them  without  any   Chap.  i. 

change. 

It  is  well  known  that  light  is  emitted  during  combustion; 
and  it  has  been  objected  to  this  conclusion,  that  these  bodies 
are  luminous  only  from  a  slow  and  imperceptible  combus- 
tion. But  sorely  combustion  cannot  be  suspected  in  many 
of  Father  Beccaria's  experiments,  when  we  reflect  that  one 
of  the  bodies  on  which  they  were  made  was  his  own  handf 
and  tliat  many  of  the  others  were  altogether  incombustible; 
and  the  phenomena  observed  by  Canton  are  also  incompa^ 
tible  with  the  notion  of  combustion.  His  pyrophorus  shone 
only  in  consequence  of  being  exposled  to  light,  and  lost  that 
property  by  being  kept  in  the  dark.  It  is  not  exposure  to 
light  which  causes  substances  cf^able  of  combustion  at  the 
temperature  of  the  atmosphere  to  become  luminous,  but 
exposure  to  air.  If  the  same  temperature  continues,  they 
do  not  cease  to  shine  till  they  are  consumed;  and  if  they 
cease,  it  is  not  the  application  of  light,  but  of  caloric,  which 
renders  them  again  luminous :  but  Canton's  pyrophorus,  on 
the  contrary,  when  it  had  lost  its  property  of  shining,  did 
not  recover  it  by  the  application  of  heat,  except  it  was 
accompanied  by  light  The  only  effect  which  heat  had  was 
to  increase  the  separation  of  light  from  the  pyrophorus,  and 
of  course  to  shorten  the  duration  of  its  luminousness.  Two 
glass  globes  hermetically  sealed,  containing  each  some  of 
this  pyrophorus,  were  exposed  to  the  light  and  carried  into 
a  dark  room.  One  of  them,  on  being  immersed  in  a  basin 
of  boiling  water,  became  much  brighter  than  the  other, 
but  in  ten  minutes  it  ceased  to  give  out  light :  the  other 
remained  visible  for  more  than  two  hours.  After  having 
been  kept  in  the  dark  for  two  days,  they  were  both  plunged 
into  a  bttisin  of  hot  water :  the  pyrophorus  which  had  been 
in  the  water  formerly  did  not  shine,  but  the  other  became 
luminous,  and  continued  to  give  out  light  for  a  considerable 
time.  Neither  of  them  afterwards  shone  by  the  application 
of  hot  water;  but  when  brought  near  to  an  iron  heated  so 
as  scarcely  to  be  visible  in  the  dark,  they  suddenly  gave  out 
their  remaining  light,  and  never  shone  more  by  the  same 
treatment :  but  when  exposed  a  second  time  to  the  light, 
they  exhibited  over  again  precisely  the  same  phenomena; 
even  a  lighted  candle  and  electricity  communicated  some 
light  to  them.    Surely  these  facts  are  altogether  incom- 
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^iodkt    pirtible  with  combustion,  andfirHy  stilBciettt  tbcbfivlM^tiar 
^^^°f;  that  light  alone  was  the  agent,  and  that  it  had.aettttHy 
entered  mto  the  luminons  boAes. 

It  has  been  questioned,  hhteed,  whether  the  light  emitted 
by  pyi-qphori  be  the  same  with  that  to  which  they  bM 
exposed.    Mr.  Wilson  has  proved,  that  in  many  casesr  Itt 
lesi^  H'h  dSflerent ;  and  in  particular  that  on  many  pyrcS^ 
phori  the  blue  rays  have  a  gteater  effect  thaft  imy  other,  and 
that  they  cause  an  extrication  of  red  light.    Mr.  de  Orossef 
has  shown  the  same  thing  with  regard  to  the  diamond, 
#hich  is  A  natural  pyTophorus.*    Still,  however,  it  cannot 
be   questioned  that  the  lunrinousness  of  these  bodies  is 
trying  to  exposure  to  light,  tod  that  the  phenomenon  is  noi 
connected  with  combustion. 
Artdcom-       12.  But  Hgl^t  does  not  only  enter  into  bodies,  it  alsd 
thlcm.''"^  combines  with  them,  and  constitutes  one  of  their  component 
part^.     That  this  is  the  case,  has  been  rendered  very  evi-^ 
dent  by  a  set  of  experiments  made  long  ago   by  Mr. 
Canton,f  and  repeated  and  carried  a  great  deal  farther 
by  Dr.  Huhnc.  i    It  has  been  long  known  that  different 
kinds  of  meat  and  fish,  just  when  they  are  beginning  to 
putrifjr,  become  lummotis  iii  the  dark,  and  of  course  give 
out  light     This  is  the  case  in  particular  with  the  whiting, 
the  herring,  dud  the  mackerel.     When  four  drams  of  either 
of  tfac^  are  put  into  a  phial  containing  two  ounces  of  sea 
Vtrater,  or  of  pure  water  holding  in  solution  ^  a  dram  of 
<iommon  salt,  or  two  dranls  of  sulphate  of  magnesia,  if  the 
phial  be  put  into  a  dark  place,  a  luminous  ring  appears  on 
the  surfhce  of  the  liquid  within  three  days,  and  the  whole 
liquid,  when  agitated,  becomes  luminous,  and  continues  in 
that  state  for  some  time.    When  these  liquids  are  frozen, 
the  light  disappears,  but  is  again  emitted  as  soon  as  they 
are  thawed.     A  moderate  heat  increases  the  luminousness,' 
but  &  boiling  heat  extinguishes  it  altogether.    The  light  is 
extinguished  also  by  water,  lime  water,  water  impregnated 
with  carbonic  acid  gas,  or  sulphureted  hydrogen  gas,  fer« 
mented  liquors,  spirituous  liquors,  acids,  alkalies,  and  water 
saturated  with  a  variety  of  salts,  as  sal-ammoniac,  common 
salt,  sulphate  of  magnesia;  but  the  light  appears  again  when 

*  Jour,  de  Phys.  xx.  270.  t  Phil.  Trans,  lix.  446. 

t  Ibid.  1800.  p.  161. 
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these  jBolutions  ace  diluted  with  water*    This  light  produces    cinip.  h 
HP  sensible  effect  on  the  therjnometer.^     After  these  ex|ie-  ^-^"v^ 
liments,  it  can  scarcely  be  denied  that  light  constitutes  a 
component  part  of  these  substances,  and  that  it  is  the  first 
of  the  constituent  paacts  which  makes  its  escape  when  the 
^substance  containing  it  is  banning  to  be  decomposed. 

13.  Almost  all  bodies  have  the  property  of  abso/b|ing  CoUifirflK«> 
light,  though  they  dp  not  all  emit  it  again  like  thepyrophori  P^*''^ 
-and  animal  bodies.     But  they  by  no  means  absorb  all  the 

rays  indiscriminately :  some  absorb  one  coloured  r^y,  othecs 
another,  while  they  reflect  the  rest.  This  is  the  cause  of 
the  different  colours  of  bodies.  A  red  body,  for  instance, 
jedects  the  red  rays,  while  it  absorbs  the  rest;  a  green 
reflects  the  green  rays,  and  perhaps  also  the  blue  and  the 
yellow,  and  absorbs  the  rest.  A  white  body  reflects  all  the 
rays,  and  absorbs  none;  while  a  black  body,  on  the  con-  • 
trary,  absorbs  all  the  rays,  and  reflects  none.  The  different 
oolours  of  bodies,  then,  depend  upon  the  affinity  of  eaphfor 
particular  rays,  and  its  want  of  affinity  for  the  others. 

14.  The  absorption  of  light  by  bodies  produces  very  Lightpro- 
.aensible  changes  in  them.    Flant^  for  instance,   may  bec^^^^chan- 
made  to  vegetate  tolerably  well  in  the  dark ;  hut  in  that  ^^^ 
case  their  colour  is  always  white,  they  have,  scarcely  any 

taste,  and  contain  but  a  very  small  proportion  of  combus- 
tible matter.  In  a  very  short  time,  however,  afler  their 
exposure  to  light,  their  colour  becomes  green,  their  taste  is 
rendered  much  more  intense,  and  the  quantity  of  combus- 
tible matter  is  considerably  increased.  These  changes  are 
very  obvious,  and  they  depend  incontestibly  upon  the  agency 
of  hght.  Another  very  remarkable  instance  of  the  agency 
of  light  is  the  reduction  of  the  metallic  oxides.  The  red 
oxide  of  mercury  and  of  lead  become  much  lighter  when 
exposed  to  the  sun ;  and  the  white  salts  of  silver,  in  the 
same  situation,  soon  become  black,  and  the  oxide  is  reduced. 
The  oxide  of  gold  may  be  reduced  in  the  same  manner. 
Light,  then,  has  the  property  of  separating,  oxygen  from  se- 
veral of  the  oxides.  S<?heele,  who  first  attended  accurately 
to  these  facts,  observed  also,  that  the  violet  ray  reduced  the 
oxide  of  silver  isooner  than  any  of  the  other  rays;t  and 

*  The:sa|:pe.e](per>pneots  8uc{ce^  with.Caatoo,^s  pyrppbonis,  fis  J>r. 
Hulme  has  shown. 

t  On  Fire,  p.  78  and  98. 
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Book  I.    Sennebier  has  ascertained,  that  the  same  ray  has  the  greatest 
y^""*"  J  eflfect  in  prodacing  the  green  colour  of  plants,*    B^thoIIet 
observed,  that  during  the  reduction  of  the  oxides,  a  quan- 
tity of  oxygen  gas  makes  its  escape,  f 
Contiuns         It  was  supposed  till  lately,  that  those  reductions  of  me* 
^^Qo("^  tallic  oxides  were  produced  by  the  colorific  rays  of  light; 
cMorific.     but  Messrs.  Wollaston,  Ritter,  and  Bockmann,  have  ascer- 
tained, that  chloride  of  silver  is  blackened  most  rapidly 
when  it  is  placed  beyond  the  violet  ray,  and  entirely  out  of 
the  prismatic  spectrum. 

These  observations  have  been  confirmied  by  M.  Be- 
rard.  He  found  that  the  chemical  intensity  was  greatest 
at  the  violet  end  of  the  spectrum,  and  that  it  extended  a 
little  beyond  that  extremity.  When  he  left  substances 
exposed  for  a  certain  time  to  the  action  of  each  ray,  he  ob» 
*  served  sensible  effects,  though  with  an  intensity  continually 
decreasing  in  the  indigo  and  blue  rays.  Hence  it  is  very 
probable  that  if  he  had  been  in  possession  of  more  sensible 
reactivesj:  he  would  have  observed  analogous  effects,  but 
still  more  feeble,  in  the  other  rays.  He  concentrated,  by 
means  of  a  lens,  all  that  part  of  the  spectrum  which  extends 
from  the  green,  to  the  extreme  violet;  and  likewise,  by 
means  of  another  lens,  all  that  portion  which  extends  front 
the  green  to  the  extremity  of  the  red.  The  last  pencil 
formed  a  white  point  so  brilliant  that  the  «ye  was  scarcely 
able  to  endure  it ;  yet  the  chloride  of  silver  remained  ex- 
posed to  it  two  hours  without  undergoing  any  sensible  alter- 
ation. But  when  exposed  to  the  first  pencil,  which  was 
much  less  brighf  and  less  hot,  it  was  blackened  in  less  than 
six  minutes.^ 

15.  M.   Morichini,    Professor  of  Chemistry  at  Rome, 
announced,  in  1813,  that  when  steel  needles  arc  exposed  to 

*  Mem.  Phisico-chim.  ii.  73. 

f  Joar.  de  Phys.  xxix.  81.  When  muriate  of  silver  is  exposed  to  the 
solar  lighty  it  blackens  almost  instantaneously.  In  that  case  it  it  ndt 
oxygen  gas  which  is  emitted,  but  muriatic  acid,  as  has  been  observed 
also  by  BerthoUet.    See  Jour,  de  Phys.  Ivi.  80. 

t  He  employed  chloride  of  silver,  which  becomes  black ;  guaiac,  which 
passes  from  yellow  to  green,  as  Dr.  Wollaston  first  observed ;  and  a  mix* 
Cure  of  chlorine  and  hydrogen,  which  detonate  when  exposed  to  ligbt,  as 
Dalton  and  Gay-Lussac  and  Thenard  ascertained* 

§  Annals  of  Philosophy.  iL  165. 
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(he  action  of  the  violet  ray  of  Ught  they  become  mi^etia*    Ch«p.  K 
But  when  tliese  experiments  were  carefully  repeated  by  ^'^■^v*^ 
Professor  Configliachi  of  Pavia,  f  and  by  M.  Berard  of 
Montpellier,  %  they  did  not  succeed.     Hence  we  may  con* 
elude  that  Moricfaini  deceived  himself  by  using  needles 
already  possessed  of  magnetic  properties. 

16.  Such  are  the  properties  of  light  as  fiir  as   they 
have  been  examined.    Tliey  are  sufficient  to  induce  us  to 
believe  that  it  is  a  body,  and  that  it  possesses  many  qualities 
in  common  with  other  bodies.    It  is  attracted  by  them,  and 
combines  with  them  precisely  as  other  bodies  do.     But  it  Light  pot- 
is  distinguished  from  all  the  substances  hitherto  described,  ^^j^*^ 
by  possessing  three  peculiar  properties,  of  which  they  are  proptnks. 
destitude.     The  first  of  these  properties  is  the  power  which 

it  has  of  exciting  in  us  the  sensation  of  vision,  by  moving 
from  the  object  seen,  and  entering  the  eye.  The  phe- 
nomena of  colours,  and  the  prismatic  spectrum,  indicate 
the  exbtence  of  seven  di£ferent  species  of  light ;  but  to  what 
the  difference  of  these  species  is  owing,  has  not  been  ascer* 
tained.  We  are  altogether  ignorant  of  the  component 
parts  of  every  one  of  these  species. 

The  second  peculiar  property  of  light  is  the  prodigious 
velocity  with  which  it  moves  whenever  it  is  separated  froni 
any  body  with  which  it  was  formerly  combined.  This  velo- 
ci^,  which  is  but  little  less  than  200,000  miles  in  a  second, 
it  acquires  in  a  moment ;  and  it  seems  to  acquire  it  too  in  all  ^ 
cases,  whatever  the  body  be  from  which  it  separates. 

The  third,  and  not  the  least  singular  of  its  peculiar  pro* 
perties,  is,  that  its  particles  are  never  found  cohering 
together,  so  as  to  form  masses  of  any  sensible  magnitude. 
This  difference  between  light  and  other  bodies  can  only  be 
accounted  for  by  supposuig  that  its  particles  repel  each 
other.  This  seems  to  constitute  the  grand  distinction 
between  light  and  the  bodies  h^thmpjdescribed.  Its  par-  Jri^^^ 
tides  repel  each  other,  while  the  particles  of  the  other 
bodies  attract  each  other;  and  accordingly  are  found  coher- 
ing together  in  masses  of  more  or  less  magnitude. 

17.  It  now  only  remains  to  consider  the  different  me- Sources  of 
thods  by  which  light  may  be  procured ;  or,  to  speak  more  ^^^^ 

^  Gilbert's  Annalen  der  Physick,  nWu  367.        f  I^id,  p.  837. 
\  AimaU  of  Philosophy,  ir.  2S3. 
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Book  I.    predselyt  the  dlflkrent  sources  from  which  light  is  emitted 
Diyision  I.  j^^  ^  visible  form.    These  sources  are  four :  1.  The  «un  and 

'Stars;   2.  Combustion;    3.  Heat;   and  4>.  Percussion. 
i.Thesao.     The  light  emitted  by. the  sun  is  familiarly  known  by  the 
names  of  sunshine  and  light  of  day.    The  light  of  the  star% 
as  has  been  ascertained,  possesses  precisely  the  same  pro^ 
perties.    With  respect  to  the  cause  why  Uic  sun  and  stars 
are  constantly  emitting  light,   the  question  will  proba* 
bly   for  ever  baffle  the  human    understanding;    at  ai^ 
rate,  it  is  not  considered  as  connected  with  the  science  of 
chemistry. 
s.Combut-     18.  Light  is  emitted  in  every  case  of  combustion.    Now 
^*^*  combustion,  as  far  at  least  as  regards  simple  combustibles 

fmd  metaU,  is  the  act  of  combination  of  the  combustible 
with  a  supporter.  Consequently  the  light  which  is  emitted 
during  combustion  must  have  existed  pceviously  combined 
either  with  the  combustible  or  with  the  supporter.  But  this 
subject  will  be  resumed  in  the  next  chapter,  where  the 
nature  of  combustion  will  be  particularly  considered. 
3.  Hett.  ig.  If  heat  be  applied  to  bodies,  and  continually  in- 
creased, there  is  a  certain  temperature  at  which,  when  they 
arrive,  they  become  luminous.  No  &ct  is  mope  familiar 
than  this ;  so  well  known  indeed  is  it,  that  little  attentioH 
has  been  paid  to  it.  When  a  body  becomes  luminous  by 
being  heated  in  a  fire^  it«is  said  in  common  language  to  be 
red  hot.  •  As  far  as  experiments  have  been  made  upon  this 
subject,  it  appears  that  all  bodies  which  are  capable  of  en*» 
during  the  requisite  degree  of  heat  without  decomposition 
or  volatilization  begin  to  emit  light  at  precisely  the  same 
temperature.  The  first  person  who  examined  this  subject 
with  attention  was  Sir  Isaac  Newton.  He  ascertained,  by 
a  very  ingenious  set  of  experiments,  first  published  in  ITOlf 
that  iron  is  just  visible  in  the  dark  when  heated  to  635°;* 
that  it  shines  strongly  in  the  dark  when  raised  to  the  tem« 
perature  of  762°;  that  it  is  luminous  in  the  twilight  jqst 
after  sunset  when  heated  to  884*°;  and  that  When  it  shines, 
even  in  broad  day-light,  its  temperature  is  above  1000®. 
From  the  experiments  of  Muschenbroeck  and  others,  it 

♦  Dr.  Irvine  has  shown  that  this  point  is  rather  too  low.  For  mer- 
cury, which  he  found  to  boil  at  67^^,  does  not  become  (he  leaM  luminous 
at  thautemperature.    Irviue's  £&says>  p.  33. 
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appears,  Aat  what  in  cammon  language  is  called  a  red  heaif    Ginp.1. 
oommences  about  the  temperature  of  800^  ^*  v  "' 

A  red  hot  body  continiies  to  shine  for  some  time  after  it 
has  been  taken  from  the  fire  and  put  into  a  dark  place. 
The  constant  accession,  then,  either  of  light  or  heat,  it 
not  necessary  for  the  diining  of  bodies :  but  if  a  red  hot 
body  be  blown  upon  by  a  strong  current  of  air,  it  immedi- 
stely  ceases  to  shine.*  Consequently  the  moment  fbe  tem- 
perature of  a  body  is  diminished  by  a  certain  number  -of 
degrees,  it  ceases  to  be  luminous. 

Whenever  a  body  reaches  the  proper  temperature,  it  be* 
comes  luminous,  independent  of  any  contact  of  air ;  for  a 
piece  of  iron  wire  becomes  red  hot  while  imiBersed  in 
melted  lead.t 

To  this  general  law  there  is  one  remarkable  exceptioB* 
It  does  not  appear  that  the  gases  become  luminous  even  at  a 
much  higher  tempcratiH'e.  The  following  ingenious  expe* 
riment  of  Mr.  T.  Wedgewood  seems  to  set  the  truth  of  this 
exception  in  a  very  clear  point  of  view.  He  took  an 
earthen  ware  tube,  bent  so  in  the  middle  that  it  could  be 
sunk,  and  make  several  turns  in  a  large  crucible,  which  was 
filled  with  sand.  To  one  endofthis  tube  was  fixed  apaof 
of  bellows;  at  the  other  end  was  a  globular  vessel,  in  wJhich 
was  a  passage^  fii..iished  with  a  valve  to  allow  air  to  pasi 
out,  but  none  to  enter.  There  was  another  opening  in  this 
globular  vessel  filled  with  glass,  that  one  might  see  what 
was  goklg  on  within.  The  crucible  was  putt  into  a  fire ;  .and 
after  the  sand  had  become  red  hot,  air  was  blown  thioi^rh^ 
die  earthen  tube  by  means  of  the  bellows.  This  air,  after 
passing  ihrough  the  red  hot  sand,  came  into  the  globular 
vcsaeL  It  did  not  shine;  but  when  a  piece  of  gdd  wire 
was  hung  at  that  part  of  the messel  where  thetearthen  ware 
Uabe  enterefl,  it  became  ftdntly  luminous :  a  proof  that 
diough  the  air  was  not  luminous,  it  had  been  hot  enough  to 
saise  other  liodies  to  the  shining  temperature. 

20.  The  last  of  the  sources  of  light  is  percussion.     It  is  4.  percuf- 
weU  known,  that  when  flint  and  steel  are  smartly  struck ''^^'^* 
against  each  other,  a  spark  always  makes  its  appearance^ 
which  is  capable  of  setting  fire  to  tinder  or  to  gunpowder. 
The  spark  in  this  case,  as  was  long  ago  ascertained  by  Dr. 

♦  T.  Wedgcwood,  Phil.  Trans.  1793.  f  W.  Ibid, 
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Book  I.  Hooke,  is  a  small  particle  of  the  iron,  which  is  driven  off, 
vision  I.  ^^^  catches  fire  during  its  passage  through  the  air.  This, 
therefore,  and  all  similar  cases,  belong  to  the  class  of  com- 
bustion. But  light  often  makes  its  appearance  when  two 
bodies  are  struck  against  each  other,  when  we  are  certain 
that  no  such  thing  as  combustion  can  happen,  because  both 
the  bodies  are  incombustible.  Thus,  for  instance,  sparks 
are  emitted,  when  two  quartz  stones  are  struck  smartly 
against  each  other,  and  light  is  emitted  when  they  are  rub- 
bed against  each  other.  The  experiment  succeeds  equally 
well  under  water.  Many  other  hard  stones  also  emit  sparki 
in  the  same  circumstances. 

If  they  be  often  made  to  emit  sparks  above  a  sheet  of 
white  paper,  there  are  found  upon  it  a  number  of  small 
black  bodies,  not  very  unlike  the  eggs  of  flies.  These 
bodies  are  hard  but  friable,  and  when  rubbed  on  the  paper 
leave  a  black  stain.  When  viewed  with  a  microscope,  th^ 
seem  to  have  been  melted.  Muriatic  acid  changes  their 
colour  to  a  green,  as  it  does  that  of  lavas.*  These  substan* 
ces  evidently  produced  the  sparks  by  being  heated  red  hot. 
Lamanon  supposes  that  they  are  particles  of  quartz  com* 
^ed  with  oxygen.  Were  that  the  case,  the  phenomencm 
would  be  precisely  similar  to  that  which  is  produced  by  the 
collision  of  flint  and  steel.  That  they  are  particles  of  quarts 
cannot  be  doubted ;  but  to  suppose  them  combined  with 
oxygen  is  contrary  to  all  experience ;  for  these  stones  never 
show  any  disposition  to  combine  with  oxygen  even  when 
exposed  to  the  most  violent  heat  La  Metherie  made  ex- 
periments on  purpose  to  see  whether  Lamanon's  opinion 
was  well  founded;  but  they  all  turned  out  unfavourable  to 
it  And  Monge  ascertained,  that  the  particles  described  by 
Lamanon  were  pure  crystal  unaltered,  with  a  quantity  of 
black  powder  adhering  to  them.  He  concludes,  accord- 
ingly, that  these  figments  had  been  raised  to  so  high  a 
temperature  during  their  passage  through  the  air,  that  they 
set  fire  to  all  the  minute  bodies  that  came  in  their  way.f 
The  emission  of  the  light  is  accompanied  by  a  very  peculiar 
smell,  having  some  analogy  to  that  of  burning  sulphur,  or 
more  nearly  to  burning  gunpowder. 

Lamanon,  Jour,  de  Phjs.  1785.  f  Ann.  de  Chiro.  xvi.  206. 
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CHAP.  II. 

OF  HEAT. 

Nothing  is  more  fiimiliar  to  us  than  heat;  to  attempt  ciiap.lL 
therefore  to  define  it  is  unnecessary.  When  we  say  that  a  ^^y^ 
person  feels  heaty  that  a  stone  is  hot,  the  expressions  are  un- 
derstood without  difficulty ;  yet  in  each  of  these  propositions, 
the  word  heat  has  a  distinct  meaning.  In  the  one,  it  sig- 
nifies the  jien^a/ion  of  heat;  in  the  other,  the  cavse  of  that 
sensation.  This  ambiguity,  though  of  little  consequence  in 
common  life,  may  lead  in  philosophical  discussions  to  con- 
fiision  and  perplexity.  It  was  to  prevent  this  that  the  word 
caloric  has  been  chosen  to  signify  the  cause  of  heat.  When 
I  put  my  hand  on  a  hot  stone,  I  experience  a  certain  sensar 
tion,  which  I  call  the  sensation  of  heat ;  the  cause  of  this 
sensation  is  caloric 

As  the  phenomena  in  which  caloric  is  concerned  are  the 
most  intricate  and  interesting  in  chemistry ;  as  the  study  of 
them  has  contributed  in  a  very  particular  manner  to  the  ad* 
vancement  of  the  science :  as  they  involve  some  of  those 
parts  of  it  which  are  still  exceedingly  obscure,  and  which 
have  given  occasion  to  the  most  important  disputes  in  which 
chemists  have  been  engaged — they  naturally  lay  claim  to  a 
very  particular  attention.  I  shall  divide  this  chapter  into 
six  sections:  the  first  will  be  occupied  with  the  nature  of 
caloric;  in  the  second,  I  shall  consider  its  propagation 
through  bodies;  in  the  third,  its  distribution;  in  the 
jburth,  the  effects  which  it  produces  on  bodies ;  in  the  fifth, 
the  quanti^  of  it  which  exists  in  bodies ;  and  in  the  sixths 
the  difierent  sources  from  which  it  b  obtained. 


SECT.  I. 

NATURE   OF  CALORIC. 


Concerning  the  nature  of  caloric,  there  are  two  opinions 
which  have  divided  philosophers  ever  since  they  turned  their 
attention  to  the  subject.  Some  suppose  that  caloric,  like 
gravi^T)  is  merely  a  property  of  matter,  and  that  it  consbts^ 
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Book  I.  some  how  or  other,  in  a  peculiar  vibration  of  its  partides  S 
DiTjiion  I.  others,  on  the  contrary,  diink  that  it  is  a  distinct  substance. 
^^>^^^  Each  of  these  opinions  has  been  supported  by  the  greatest 
philosophers ;  and  till  lately  the  obscurity  of  the  subject 
has  been  such,  that  both  sides  have  been  able  to  produce 
^exceedingly  plausible  and  forcible  arguments.  The  cecent 
improvements,  however,  in  this  branch  of  chemistry^  have 
gradually  rendered  the  latter  opinion  more  probri^le  thin 
the  former:  and  a  discovery,  inade  by  Tk.  Hersdidl^  hu 
at  last  nearly  put  an  end  to  the  diq)ute,  by  demonstratiii|^ 
that  we  have  the  same  reason  for  considering  heat  to  be  a 
substance,  as  we  have  for  believing  light  to  be  material. 
I>iscoTmr  1.  J)r.  Herschel  liad  been  employed  in  making  observe- 
^nc.  ^ons  on  the  sun  by  means  of  telescopes.  To  prevent  ^ 
inconvenience  arising  from  the  heat,  he  used  coloured 
glasses;  but  these  glasses,  when  they  were  deep  enough 
i!oloured  to  intercept  the  light,  very  soon  cracked  and  brokp 
in  pieces.  This  circumstance  induced  him  to  examine  the 
heating  power  of  the  different  coloured  rays.  He  made 
each  of  them  in  its  turn  fidl  upon  the  bulb  of  a  thermom^ 
ter,  near  which  two  other  thermometers  were  placed  tp 
serve  as  a  standard.  The  number  of  degrees,  which  the 
thermometer  exposed  to  the  coloured  ray  rose  above  th^ 
other  two  thermometers,  indicated  the  heating  power  gf 
that  ray.  He  found  that  the  most  refrangible  rays  haxp 
the  least  heating  power ;  and  that  the  heating  power  gnk 
dually  increases  as  the  refrangibility  diminishes.  The  yiolot 
ray  therefore  has  the  smallest  heating  power,  and  the  red 
ray  the  greatest.  Dr.  Herschel  found  that  the  heating 
power  of  the  violet,  green,  and  red  rays,  are  to  each  Qth«r 
as  the  following  numbers : 

Violet  =16;  Green  =  22*4;  Red  =  55. 
It  struck  Dr.  Herschel  as  remarkable,  that  the  illuminating 
power  and  the  heating  power  of  tlie  rays  follow  such  dif- 
ferent laws.  The  first  exists  in  greatest  perfection  in  the 
middle  of  the  spectrum,  and  diminishes  as  we  approach 
either  extremity ;  but  the  second  increases  constantly  from 
the  violet  end,  and  is  greatest  at  the  red  end.  This  led 
him  to  suspect  that  perhaps  the  heating  power  does  not  stop 
at  the  end  of  the  visible  spectrum,  but  is  continued  beyond 
it.  He  placed  the  thermometer  completely  beyond  ttfae 
■boundary  of  the  red  ray,  but  still  in  the  line  of  the  speo- 
.trum;  and  it  rose  still  higher  than  it  hod  done  wben-aqiEr 
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poaei  16  the  mS  my.  On  shifting  the  thermometaer  fltill  Clmp^  IL 
ftriher,  it  cdntitRf^  to  rise;  and  the  rise  did  not  reach  its 
maxunum  till  the  thermometer  was  half  an  inch  beyond 
the  utmost  extremity  of  the  red  ray.  When  shifted  still 
ftrtber,  it  snnk  a  Kttle;  bat  the  power  of  heating  was  sen^ 
sible  at  the  distance  of  I-^  inch  from  the  red  ray.* 

These  important  experiments  were  repeated  and  con* 
fhnned  by  ffilr  Henry  Englefield,t  in  the  year  1802.  The 
ipparsttus  was  vtiry  different  finom  that  of  Dr.  Herschel^ 
md  contrived  on  purpose  to  obviate  certain  objections 
whichhad  been  made  to  the  conclusion  drawn  by  him.  The 
bulbs  of  the  thermometers  used  were  mostly  blackened. 
The  fbHpwing  Table  exhibits  the  result  obtained  in  one 
of  these  experiments. 

-   Thennometer  in  the  blue  ray  roae  in  S^  from  55^  to  56^ 

green 3 54f....BS 

yellpw...«....d 66.... 62 

fidl  red 2^ 56... .72 

confines  of  red  2-^ 58  •  •  •  .75^ 

beyond  the  vidble  light  24-  •  •  •  •  ^Gl  •  •  •  .79 

The  thermometer,  with  its  bulb  blackened,  rose  much 
more  when  placed  in  the  same  circumstances,  than  the 
thermometer  whose  bulb  was  either  naked  or  whitened  with 
punt    This  will  be  apparent  from  the  following  table : 


Time. 

3 

From 

58° 
55 

59 
58 

To 

6V 
58 

64 
584- 

71 
604^ 

Red  ray 

Black  therm. 
White  therm. 

Daric 

Black  therm. 
White  therm. 

Confines  of  red 

Black  therm. 
White  therm. 

3 

59 

57+ 

Both  Dr.  Herschel  and  Sir  Henry  Englefield  take  notice 


•  Phil.  Trans.  1800,  p.  437. 

t  JouniAl  of  tht  ULoyiS  Institution,  i.  90^, 
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Book  I.  of  a  fiunt  blush  of  red,  of  a  semioval  form,  raiUe  when 
Diviiion  I.  ^^  j^yg  beyond  the  red  end  of  the  spectrum  were  collected 
by  a  lense. 

In  the  year  ISO?,  Professor  Wiinsch,  at  Frankfort  on 
the  Oder,  published  a  set  of  experiments  upon  the  same 
subject,*  which  turned  out  somewhat  difierent  from  those 
of  Dr.  Herschel.  He  found  that  the  thermometer  was  noi 
affected  when  placed  either  above  or  below  the  q)ectruni. 
But  the  rise  of  temperature  was  not  proportional  to  the 
light  given  by  the  ray.  The  blue  ray  he  found  gave  the 
most  light ;  but  produced  the  least  heat  of  any  of  the  ray% 
the  violet  excepted.  When  the  prism  was  filled  with  alco- 
hol, oil  of  turpentine,  or  water,  the  yellow  ray  raised  the 
thermometer  highest;  when  a  prism  of  green  glass  wis 
used,  the  red  ray  produced  most  heat :  and  finally,  when 
a  yellow  glass  prism  was  used,  the  colourless  tail  at  die 
border  of  the  red  ray  produced  the  most  heat  Professor 
Wiinsch  is  one  of  those  philosophers  who  believe  that  the 
solar  light  is  only  divisible  into  three  coloured  rays,  and 
the  principal  object  of  his  elaborate  paper  seems  to  be  to 
show  that  die  heating  power  of  the  rays  confirm  his  peculiar 
hypothesis.  It  was  examined  at  great  length  by  Ritter, 
whose  opinions  were  difierentf  But  it  is  unnecessary  to 
discuss  that  point  here,  because,  the  experiments  of  Wiinsch, 
though  they  do  not  exactly  coincide  with  those  of  Herschd^ 
are  not  however  inconsistent  with  them. 

The  experiments  of  Herschel  were  again  repeated  and 
confirmed  by  M.  Berard  in  1813.  He  was  possessed  of  an 
excellent  apparatus  for  the  purpose,  and  his  observations 
appear  to  have  been  made  with  suiBScient  care.  He  found 
as  Herschel  had  done,  that  the  heating  power  of  the  rays 
decreases  from  the  red  to  the  violet  end  of  the  spectrum. 
It  is  greatest  at  the  extremity  of  the  red  ray  while  the  ther- 
mometer is  still  plunged  in  the  spectrum.  When  he  placed 
the.  thermometer  quite  beyond  the  visible  spectrum  in  the 
spot  where  Herschel  fixed  the  maximum  of  heat,  its  de- 

*  Versuche  uber  die  vermeinte  Sonderung  det  lAcktt  der  Sonnemi^ 
trahlen  von  der  Warme  derselben,  published  in  the  Der  GetelUckaft 
naturforschender/reunde  zu  Berlin  Magaxinfur  die  neuesten  entdedt' 
ungen  in  der  gesatimUen  naturkunde.    Vol.  i.  p.  S07. 

t  Oekkn't  Journal  fur  die  Chemef  Fhysik  und  Mineralogie,  tL  OSS. 
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▼ition  above  that  of  the  ambient  air  was  only  4^  of  what  Chap.  n. 
it  had  been  in  the  red  ray  itselfi*  ^^^^^^^ 

These  experiments  are  sufficient  to  convince  us  that  the 
calorific  and  colorific  power  of  the  rays  of  light  follow  quite 
different  laws.  Whether  two  different  species  of  rays  exist 
in  the  solar  spectrum  as  some  have  supposed,  namely,  rays 
of  light  J  and  rays  of  heat;  or  whether  certain  unknown 
changes  in  the  velocity  or  in  some  other  quality  of  light 
give  it  the  power  of  producing  heat,  are  questions  which 
the  limited  state  of  our  knowledge  does  not  enable  us  to 
determine.  Some  late  experiments  of  Delaroche  seem 
rather  favourable  to  the  latter  opinion.  He  found  that  the 
higher  the  temperature  of  a  hot  body  was  raised,  the 
greater  was  the  quantity  of  rays  of  heat  which  became  ca- 
pable of  penetrating  through  a  plate  of  glass.f 

'  2.  The  rays  of  caloric  are  refracted  by  tranq)arent  bodies  Refirutcd. 
just  as  the  rays  of  light  We  see,  too,  that,  like  the  rays 
of  light,  they  differ  in  their  refrangibility ;  that  some  of 
them  are  as  refrangible .  as  the  violet  rays,  but  that  the 
greater  number  of  them  are  less  refrangible  than  the  red 
rays. 

3.  The  rays  of  caloric  are  reflected  by  polished  surfaces  Reflected, 
in  the  same  manner  as  the  rays  of  light  This  was  shown 
long  ago  by  Scheele^  who  even  ascertained  that  the  angle 
of  their  reflection  is  equal  to  the  angle  of  their  incidence. 
Mr.  Pictet  also  had  made  a  set  of  very  ingenious  experi- 
ments on  this  subject,  about  the  year  1790,  which  led  to 
the  same  conclusion.^  He  placed  two  concave  mirrors  of 
tin,  of  nine  inches  focus,  at  the  distance  of  12  feet  8 
inches  from  one  another.  In  the  focus  of  one  of  them  he 
placed  a  ball  of  iron  two  inches  in  diameter,  heated  so  as 
not  to  be  visible  in  the  dark ;  in  the  other  was  placed  the 
bulb  of  a  thennometen  In  six  minutes  the  thermometer 
rose  22^  A  lighted  candle,  which  was  substituted  for  the 
ball  of  iron,  produced  nearly  the  same  eSecL  In  this  case 
both  light  and  heat  appeared  to  act.  In  order  to  separate 
them,  be  interposed  between  the  two  mirrors  a  plate  of 
clear  glass.    The  thermometer  sunk  in  nine  minutes  14^: 

•  Annals  of  Philospphy,  ii.  163.  f  Ibid.  ii.  100. 

t  A  similar  set  of  experiments  had  been  made  by  Mr.  King  as  eariy 
as  1785  :  See  hit  Morsels  of  Criticism,  vol.  i. 


Sf  IMPOKDEBABLE  fiODIES. 

Bbok  L  wad.  wfaeftthe  ^nsg  wan  a^un  renoved^  it  rote  in  aeven  mi* 
Wiwioaj.  jjujeg  about  12^ ;  yet  the  light  which  fiidl  on  the  thennomch 
ter  did  not  seem  at  all  diminuhed  by  the  j^s.  Mr.  Pictet 
therefore  concluded,  that  the  caloric  had  been  reflected  by 
liie  mirror,  and  that  it  had  been  the  cause  of  the  rise  oC 
die  thermcwneter.  In  another  eK{>arlmeiit,  a  glass  matrasi 
•was  substituted  for  the  iron  ball,  nearly  of  the  same  diap 
meter  with  it,  and  containing  2Q4A  grains  of  boiling  water. 
Two  minutes  after  a  thick  screen  of  silk,  which  had  been 
interposed  between  the  two  mirrors,  was  removed,  the 
thermometer  rose  from  47°  to  50^%  and  descended  again 
the  moment  the  matrass  was  removed  from  the  focus. 

The  mirrors  of  tin  were  now  placed  at  the  distance  of 
M  indies  from  each  other ;  the  matrass  with  the  bcnling 
water  in  one  of  ^  the  foci,  and  a  very  sensible  air  thc^rmome* 
ter  in  tjie  other,  every  dc^ee  of  which  was  equal  to  aboiit 
.fi|4h  of  a  degree  of  Fahrenheit  Exactly  in  the  middle 
space  between  the  two  mirrors  there  was  placed  a  very  thin 
common  glass  mirror,  suspended  in  such  a  manner  that 
ttther  side  could  be  turned  towards  the  matrass.  When  the 
polished  side  of  this  mirror  was  turned  to  the  matrass,  the 
thermometer  rose  only  0*5°;  but  when  the  side  covered 
with  tinfoil,  and  whidi  had  been  blackened  with  ink  and 
smoke,  was  turned  towards  the  matrass,  the  thermometer 
rose  S'50°.  In  another  experiment,  when  the  polished 
side  of  the  mirror  was  turned  to  the  matrass,  the  thermo* 
meter  rose  3°,  when  the  other  side,  9*2°.  On  rubbing  oflp 
the  tinfoil,  and  repeating  the  experiment,  the  the  th^mo- 
meter  rose  1 8°.  On  substituting  for  the  glass  mirror  a  piece 
of  thin  white  pasteboard  of  the  same  dimensions  with  it, 
the  thermometer  rose  10°.* 

4.  Berard  has  shown  by  a  set  of  well  contrived  cxpe* 
riments  that  the  rays  of  heat  are  capable  of  polarization 
equally  with  the  rays  of  lightf 

5.  As  heat  radiates  from  luminous  bodies  like  light,  and 
without  any  sensible  diminution  of  their  weight,  it  is  rev* 
sonable  to  conclude  that  its  particles  must  be  equally  minulei 
Therefore  neither  tlic  addition  of  caloric  nor  its  abstraction 
can  sensibly  affect  the  weight  of  bodies.  As  this  follows 
necessarily  as  a  consequence  from  Dr.  Herschel's  experi- 

*  Pictet,  tur  U  Feu,  chap.  iii.        f  Airoals  of  Philosophy,  ii.  IM. 
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incnts,  were  it  possible  to  prove  by  experiment  that  caloric  Chip.  II. 
a£^ts  the  weight  of  bodies,  the  theory  founded  on  Dr. 
HerschePs  discoveries  would  be  overturned :  but  such  de- 
ductions have  been  drawn  from  the  experiments  of  De 
Luc,''^  Fordyce,f  Morveau,j:  and  Chausier.$  According 
to  these  philosophers,  bodies  become  absolutely  lighter  by 
being  heated.  The  experiment  of  Fordyce,  which  seems 
to  have  been  made  with  the  greatest  care,  was  conducted 
in  the  following  manner : 

He  took  a  glass  globe  three  inches  in  diameter,  with 
a  short  neck,  and  weighing  451  grains;  poured  into  it 
about  1700  grains  of  water  from  the  New  River,  London, 
and  then  sealed  it  hermetically.  The  whole  weighed 
215014  grains  at  the  temperature  of  82^  degrees.  It  was 
put  for  20  minutes  into  a  freezing  mixture  of  snow  and  salt 
till  some  of  it  was  frozen ;  it  was  then,  after  being  wiped 
first  with  a  dry  linen  cloth,  next  with  dean  washed  dry 
leather,  immediately  weighed,  and  found  to  be  ^th  of  a 
grain  heavier  than  before.  This  was  repeated  exactly  in  the 
8une  manner  five  different  times.  At  each,  more  of  the 
water  was  frozen,  and  more  weight  gained.  When  the 
whole  water  W|is  frozen,  it  was  iV^^^  ^^  ^  grun  heavier  than 
it  had  been  when  fluid.  A  thermometer  applied  to  the 
globe  stood  at  10^.  When  allowed  to  remain  till  the  ther- 
mometer rose  to  32^,  it  weighed  iV^hs  of  a  grain  more  than 
it  did  at  the  same  temperature  when  fluid.  It  will  be  seen* 
afterwards  that  ice  contains  less  heat  than  water  of  the  same 
temperature  with  it.     The  balance  used  was  nice  enough  to 

mark  xsW^  P^^  ^^  ^  grain. 

This  subject  had  attracted  the  attention  of  Lavoisier,  and 
his  experiments,  which  were  published  in  the  Memoirs  of 
the  French  Academy  for  1783,  led  him  to  conclude  that 
the  weight  of  bodies  is  not  altered  by  heating  or  cooling 
them,  and  consequently  that  caloric  produces  no  sensible 
change  on  the  weight  of  bodies.  Count  Rumford's  expe- 
riments on  the  same  subject,  which  were  made  about  the 
year  1797,  are  equally  decisive.  He  repeated  the  experi-. 
ment  of  Dr.  Fordyce  with  the  most  scrupulous  caution ; 
and  demonstrated  that  neither  the  addition  nor  the  abstrac* 

♦  Sur  les  Modif.  de  TAtmosph.        f  Phil.  Trans.  1785,  p.  361. 
t  Jour,  de  Phys.  1785,  Oct.  §  Jour,  de  S^aYans,  1785,  p.  493. 
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Book  I.    tion  of  heat  makes  any  sensible  alteration  in  die  weioht  of 
»^»  I- bodies.* 

6.  Caloric  agrees  with  light  in  another  property  no  less 
peculiar.  Its  particles  are  never  found  cohering  tc^^pether  in 
masses;  and  whenever  they  are  forcibly  accumulated,  they 
fly  ofir  in  all  directions,  and  separate  from  each  oth^r  with 
inconceivable  rapidity.  This  proper^  necessarily  supposes 
the  existence  of  a  mutual  repulsion  between  the  particlei 
of  caloric. 

Thus  it  appears  that  caloric  and  light  resonble  each  oth^ 
in  a  great  number  of  properties.  Both  are  emitted  from 
the  sun  in  rays  with  a  very  great  velocity ;  both  of  them 
are  refracted  by  transparent  bodies,  and  reflected  by  po- 
lished surfisuxs ;  both  of  them  consist  of  particles  which 
mutually  repel  each  other,  and  which  produce  no  sensible 
eflfect  upon  the  weight  of  other  bodies.  They  difier,  how- 
ever, in  this  particular :  light  produces  in  us  the  sensation 
of  vision ;  caloric,  on  the  contrary,  the  sensation  of  heat 
Whether  this  difference  be  sufiicient  to  constitute  light  and 
heat  two  q)ecifically  distinct  bodies;  or  whether  they  be 
merely  modifications  of  one  and  the  same  body  are  ques- 
tions which  the  present  state  of  our  knowledge  docs  not 
enable  us  fully  to  answer. 


SECT.  11. 

OP  THK  MOTION   OF   HEAT. 

From  tlic  preceding  account  of  the  nature  of  caloric,  we 
learn  that  it  is  capable,  like  light,  of  radiating  in  all  direc- 
tions from  the  surfaces  of  bodies ;  and  that  when  thus  ra- 
diated, it  moves  with  a  very  considerable  velocity.  Like 
light,  too,  it  is  liable  to  be  absorbed  when  it  impinges  agaiqst 
the  surfaces  of  bodies.  When  it  has  thus  entered,  it  it 
capable  of  making  its  way  through  all  bodies ;  but  its  mo- 
tion in  this  case  is  comparatively  slow.  In  that  case  it  if 
said  to  be  conducted  through  bodies.  Heat  then  moves  at 
two  very  different  rates.  1.  By  radiation.  2.  By  amduc- 
tion.    It  will  be  proper  to  consider  each  of  these  separately* 

*  Phil.  Trans.  1799,  p.  179. 
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I.   RADIATION  OF  HEAT. 

When  bodies  artificially  heated  are  exposed  to  the  open  Chap.  II. 
air,  they  immediately  h^n  to  emit  heat,  and  continue  to  ^^— *v^^ 
do  so  till  they  become  nearly  of  the  temperature  of  the 
aurrounding  atmosphere.  That  different  substances  when 
placed  in  this  situaticm  cool  down  with  very  different  de- 
grees of  rapidity,  could  not  have  escaped  the  most.careless 
observer ;  but  die  influence  of  the  surface  of  the  hot  body 
in  accelerating  or  retarding  the  cooling  process,  was  not 
suspected  till  lately.  For  this  curious  and  important  part 
of  the  doctrine  of  heat,  we  are  indebted  to  the  sagacity  of 
Mr.  Leslie^  who  has  already  brought  it  to  a  great  degree  of 
perfection.  His  hupdry  into  the  Nature  of  Heat,  published 
in  1804,  contains  a  great  number  of  original  experiments 
and  views  on  this  subject.  It  is  remarkable,  that  a  few 
weeks  after  the  publication  of  this  work,  a  dissertation  by 
Count  Rumford  on  the  same  subject,  and  containing  simi- 
lar experiments,  appeared  in  the  Philosophical  Transac- 
tions. In  the  year  1813,  a  paper  on  the  subject  containing 
some  important  additions  to  the  experiments  of  Mr.  Leslie 
was  published  by  M.  Delaroche  of  Geneva.* 

I.  Mr.  Leslie  filled  with  hot  water  a  thin  globe  of  bright  Efiectofthc 
tin,  four  inches  in  diameter,  having  a  narrow  neck,  and  ^^[|i^.*'^ 
placed  it  on  a  slender  frame  in  a  warm  room  without  a  fire. 
The  thermometer  inserted  in  this  globe  sunk  halfway  from 
the  ori^al  temperature  of  the  water  to  that  of  the  room  in 
156  minutes.  The  same  experiment  was  repeated,  but  the 
outside  of  the  globe  was  now  covered  with  a  thin  coat  of 
lamp  black.  The  time  elapsed  in  cooling  to  the  same 
temperature  as  in  the  last  ca^  was  now  only  81  minutes.f 
Here  the  rate  of  cooling  was  nearly  doubled ;  yet  the  only 
difference  was  the  thin  coveruig  of  lamp  black.  Nothing 
can  afibrd  a  more  striking  proof  than  this  of  the  efiect  of 
the  surface  of  the  hot  body  on  the  rate  of  its  cooling. 

Count  Romford  took  two  thin  cylindrical  brass  vessels  of 
the  same  size  and  shape,  filled  them  both  with  hot  water  of 
the  same  temperature,  and  clothed  the  one  with  a  covering 

*  Annals  of  Philosophy,  ii.  100. 
t  Leslie's  Inquiry  into  the  Nature  of  Heat^  p.  268. 
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Book  I.  of  Irish  linen,  but  left  the  other  naked.  The  naked  vemA 
Division  I.  ^jQQied  tgn  degrees  in  55  minutes,  but  the  one  covered  with 
linen  cooled  ten  degrees  in  S6^  minutes.*  In  this  experi- 
ment, the  linen  produced  a  similar  effect  with  the  lamp 
black  in  the  preceding.  Instead  of  retarding  the  escape  of 
heat,  as  might  have  been  expected,  they  produced  the  con* 
trary  effect.  The  same  acceleration  took  place  when  die 
cylinder  was  coated  with  a  tliin  covering  of  glue,  of  black 
or  white  paint,  or  when  it  was  smoked  with  a  candle. 
Greatest  in  2.  The  variation  in  the  rate  of  cooling  occasioned  bj 
coating  the  hot  vessel  with  difierent  substances  is  greatest 
when  the  air  of  the  room  in  which  the  experiments  are  made 
is  perfectly  still.  The  difference  diminishes  when  the  at- 
mosphere is  agitated,  and  in  very  strong  winds  it  disap- 
pears almost  entirely.  Thus  two  globes  of  tin,  one  brighti 
the  other  covered  with  lamp  black,  being  filled  with  hot 
water,  and  exposed  to  winds  of  various  d^ees  of  violence^ 
were  found  by  Mr.  Leslie  to  lose  half  their  heat  in  the  fol- 
lowing times :  f 

Clean  Globe.  Blackened  GIob&» 

In  a  gentle  gale W  S5^ 

In  a  pretty  strong  breeze  23'  20^-^ 

In  a  vehement  wind ....     9*5'  9' 

This  is  sufficient  to  convince  us,  that  the  effect  of  the  lamp 
black  in  accelerating  cooling  cannot  be  owing  to  any  power 
which  it  has  of  conducting  heat,  and  communicating  it  to 
the  air,  but  to  the  property  which  it  has  of  radiating  heat  (to 
use  the  common  expression)  in  a  greater  degree  than  clear 
metallic  bodies.  That  this  is  in  reality  the  case  is  easily 
shown. 

.  S.  When  a  canister  of  tin,  of  a  cubic  shape  and  oQnii- 
derable  size,  is  placed  at  the  distance  of  a  foot  or  two  fixim 
a  concave  mirror  of  bright  polished  tin,  having  a  delicata 
thermometer  in  the  focus,  the  thermometer  experiences  a 
certain  elevation.  If  the  canister  be  coated  with  lamp 
black,  the  thermometer  rises  much  higher  than  when  the 
metal  is  left  bright.  Here  we  perceive  that  more  heat  ra- 
diates from  the  lamp  black  than  the  clear  metal ;  since  the 
elevation  of  the  thermometer  is  in  some  degree  the  measun 

•  Nicholson's  Jour.  ix.  60.    f  Inquiry  into  the  Naturt  of  Heat,  p.  art 


^     KIAT.  57 

of  die  radiation.    A  common  thermometer  does  not  answer  chap.  IL 
well  in  similar  ccperlments,  becaose  it  is  affected  by  erery  ^"""v"**^ 
change  of  temperiBiture  in  the  room  in  which  the  e^cperi- 
ments  are  made.     But  Mr.  Leslie  has  invented  another,  to 
which  we  are  indebted  for  all  the  precision  that  has  been  in- 
troduced into  the  subject     He  has  distinguished  it  by  the 
name  of  the  differential  thermometer.    It  was  employed  also  Diflfbentiai 
by  Count  Rumford  in  his  researches.  A«nnome- 

This  thermometer  consists  of  a  small  glass  tube  bent  into 
the  shape  of  the  letter  U,  and  terminating  at  each  extre- 
mity in  a  small  hollow  ball,  nearly  of  the  same  size  i  the 
tube  contains  a  little  sulphuric  acid  tinged  red  with  car* 
mine,  and  sufficient  to  fill  the  greatest  part  of  it.  The 
glass  balls  are  full  of  air,  and  both  communicate  with  the 
intermediate  tube.  To  one  of  the  legs  of  the  tube  is  affixed 
a  small  ivory  scale  divided  into  100  d^^ees;  and  the  sul* 
phuric  acid  is  so  disposed,  that  in  the  graduated  leg  its 
upper  surface  stands  opposite  to  the  part  of  the  scale  marked 
0.  The  glass  ball  attached  to  the  leg  of  the  instrument  to  i 
which  the  scale  is  attached,  is,  byway  of  distinction,  called  | 
the  focal  hall.  Suppose  this  thermometer  brought  into  a 
warm  room,  the  heat  will  act  equally  upon  both  balls,  and 
expanding  the  included  air  equally  in  each,  the  liquor 
in  the  tube  will  remain  stationary.  But  suppose  the  focal 
ball  exposed  to  heat  while  the  other  ball  is  not ;  in  that  case 
the  air  included  in  the  focal  ball  will  expand,  while  that  in 
the  other  is  not  affected.  It  will  therefore  press  more  upon 
the  liquid  in  the  tube,  which  will  of  course  advance  towards  ' 
the  cold  ball,  and  therefore  the  liquid  will  rise  in  the  tube  ! 
above  0,  and  the  rise  will  be  proportional  to  the  degree  of 
heat  applied  to  the  focal  ball.  This  thermometer,  there- 
fore, is  peculiarly  adapted  for  ascertaining  the  degree  of 
heat  accumulated  in  a  particular  point,  while  the  surround- 
ing atmosphere  is  but  little  affected,  as  happens  in  the  focus 
of  a  reflecting  mirror.  No  change  in  the  temperature  of 
the  room  in  which  the  instrument  is  kept  is  indicated  by  it, 
while  the  slightest  alteration  in  the  spot  where  the  focal  ball 
is  placed  is  immediately  announced  by  it 

In  making  experiments  on  the  radiation  of  heat,  Mr. 
Leslie  employed  hollow  tin  cubes,  varying  in  size  from  three 
inches  to  ten,  filled  with  hot  water,  and  placed  before  a  tin 
reflector,  having  the  diflerendal  thermometer  in  the  focus. 
The  reflector  employed  was  of  the  parabolic  figure,  and 
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Book  I.    about  14  inches  in  diameter.    This  apfMuratm  sfibrd^  fhe 
Dmrioo  I.  jj^gaug  ^f  ascertaining  the  effect  of  different  surboes  in 


diating  heat.    It  was  only  necessary  to  coat  the  sur&ce  of 
the  canister  with  the  various  substances  whose  radiating 
properties  were  to  be  tried,  and  expose  it,  thus  coated  and 
filled  with  hot  water,  before  the  reflector.     The  heat  ra- 
diated in  each  case  would  be  collected  into  the  focus  where 
the  focal  ball  of  the  differential  thermometer  was  plaoedf 
and  the  rise  of  this  instrument  would  indicate  the  propor« 
tional  radiation  of  each  sur&ce.     These  experiments  were 
conducted  with  much  address.    The  following  are  the  prin* 
cipal  results  obtained. 
w^^dSf*       4.  When  the  nature  and-  position  of  the  canister  is  the 
feience  be-  same,  the  rise  of  the  differential  thermometer  is  always  pro- 
tonpcii*   portional  to  the  difierence  between  the  temperature  of  the 
tureof  the  hot  canister  and  that  of  the  air  in  the  room  in  which  the 
aod^^air.  experiment  is  made.* 

E0ectoa        5.  When  the  temperature  of  the  canister  is  the  same, 
thcthcnno-  ^q  effect  Upon  the  differential  thermometer  diminishes  at 
venely  as    the  distance  of  the  canister  increases  firom  the  reflector,  the 
h^  ^^S^  ^*^^  ^^^  being  always  understood  to  be  placed  in  the  focus 
Hector.       of  the  mirror.    Thus  if  the  rise  of  the  thermometer,  when 
the  canister  was  three  feet  from  the  mirror,  be  denoted  by 
100,  it  will  amount  only  to  57  when  the  canister  is  removed 
to  six  feet.     On  substituting  a  glass  mirror  for  the  refiectoTi 
and  a  charcoal  fire  for  the  canister,  when  the  fire  was  at  the 
distance  of  10  feet  the  thermometer  rose  37*,  and  at  the  dis- 
tance of  SO  feet  it  rose  21®  f*     From  Mr.  Leslie's  experi- 
ments it  follows,    that  the  effect  on  the  thermometer  is 
very  nearly  inversely  proportional  to  the  distance  of  the 
canister  from  the  reflector.     He  found  likewise  that  when 
canisters  of  difierent  sizes  were  used,  heated  to  the  same 
point,  and  placed  at  such  distances  that  they  all  subtended 
the  same  angle  at  the  reflector;  in  that  case  the  effect  of 
each  upon  the  differential  thermometer  was  nearly  the  same; 
Thus  a  canister  of 

3  inches  at    3  feet  distance  raised  the  thermometer  50^ 

4  inches   -    4  feet 54 

6  inches   -    6  feet 57 

10  inches   -  10  feet 59 

•  Leslie,  p.  14.  t  Ibid.  p.  51. 
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IVom  thc^  experiments  we  leani)  that  the  effect  of  the  Chap.  u. 
canister  upon  the  thermometer  is  nearly  proportional  to  the  ^^-*v— ^ 
angle  which  it  subtends,  and  likewise  that  the  heat  radiated 
from  the  canister  sufiers  no  sensible  diminution  during  its 
passage  through  the  air. 

6.  Heat  radiates  from  the  surface  of  hot  bodies  in  all  Proportion- 
directions  ;  but  from  Mr.  Leslie's  experiments  we  learn,  *!„  °  *^,e 
that  the  radiation  is  most  copious  in  the  direction  per|)en-  inclination 
dicular  to  the  surface  of  tlie  hot  body.    When  the  canister  ^u^'^S 
is  placed  in  an  oblique  position  to  the  reflector,  the  effect  the  leflec- 
diminishes,  and  the  diminution  increases  with  the  obliquity  ^'' 

of  the  canister.  Mr.  Leslie  has  shown,  that  the  effect  in  dl 
positions  is  proportional  to  the  visual  magnitude  of  the 
caniater  as  seen  from  the  reflector,  or  to  its  orthographic 
projection.  Hence  the  action  of  the  heated  surface  is  pro- 
portional to  the  sine  of  its  inclination  to  the  reflector. 

Such  are  the  effects  of  the  temperature,  the  distance^  and 
position  of  the  canister  with  respect  to  the  reflector.  None 
of  these,  except  the  first,  occasion  any  variation  in  the 
quantity  of  heat  radiated,  but  merely  in  that  portion  of  it 
which  is  collected  by  the  mirror  and  sent  to  the  focal  ball ; 
but  the  case  is  different  when  the  surface  of  the  canister 
itself  is  altered. 

7.  Mr.  Leslie  ascertained  the  power  of  difierent  sub-  lUdiatiiig 
stances  to  radiate^  by  applying  them  in  succession  to  a  side  ^^!if 
of  the  canister,  and  observing  what  effect  was  produced  bodiet. 
upon  the  differential  thermometer.    The  following  table 
exhibits  the  relative  power  of  the  different  substances  tried 

by  that  philosopher,  expressed  by  the  elevation  of  the  dif- 
ferential thermometer  produced. 


Lampblack 100 

Water  by  estimate . .  100+ 

Writing  paper BS 

Rosin 96 

Sealing  wax 95 

Crown  glass 90 

China  ink 88 

Ice. 85 

Minium 80 


Isinglass 80 

Plumbago 75 

Tarnished  lead 45 

Mercury 20+ 

Clean  lead 19' 

Iron  polished 15 

Tin  plate 12 

Gold,  silver,  copper  12 


From  this  table  it  appears,  that  the  metals  radiate  much 
worse  than  other  substances,  and  that  tin  plate  is  one  of 
the  feeblest  of  the  metallic  bodies  tried.    Lamp  black  ra^ 
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'  Book  I.    diates  more  than  eiirht  times  as  much  as  this  last  metal, 
«'^'- and  crown  glas.7/un.es  as  m^ch. 


8.  Such  are  the  radiating  powers  of  different  substances. 
But  even  when  the  substance  continues  the  same,  the  radia- 
tion is  very  considerably  modified  by  appar^itly  trifling 
alterations  on  its  surface.     Thus  metals  radiate  more  im«- 
perfectly  than  other  bodies;  but  this  imperfection  dep^idf 
upon    the  brightness    and    smoothness  of  their  surfiice. 
When,  by  exposure  to  the  air,  the  metal  acquires  that 
tarnish  which  is  usually  ascribed  at  present  to  oxidizement. 
Increased    the  power  of  radiating  heat  is  gready  increased.    Tims  it 
21)*"*"^'  appears  from  the  preceding  table,  that  the  radiating  power 
of  lead  while  bright  is  only  19 ;  but  when  its  sur&ce  becomes 
tarnished,  its  radiating  power  becomes  no  less  than  45. 
The  same  change  happens  to  tin,  and  to  all  the  metals  tried. 
And  When  the  smoothness  of  the  surface  is  destroyed  by 

^^lurfT^  ^^^^^^^K  ^^^   metal,    its  radiating  power  is  increased. 
of  metals.    Thus  if  the  effect  of  a  bright  side  of  the  canister  be  12,  it 
yrill  be  raised  to  22  by  rubbing  the  side  in  one  direction 
with  a  bit  of  fine  sand  paper.*     But  when  the  surfiice  is 
rubbed  across  with  sand  paper,  so  as  to  form  a  new  set  of 
furrows  intersecting  the  former  ones,  the  radiating  power  is 
again  somewhat  diminished. 
Incfoset        9.  The  radiating  power  of  the  different  substances  exa- 
nlsbM  as    Alined  was  ascertained  by  applying  a  thin  covering  of  each 
the  thick-   to  one  of  the  sides  of  the  canbter.     Now  this  coat  may  vaiy 
erat  in-**  ^^  thickness  in  any  given  degree.    It  becomes  a  question  a£ 
creases,      some  importance  to  ascertain,  whether  the  radiating  power 
is  influenced  by  the  thickness  to  a  given  extent,  or  whether 
it  continues  the  same  whatever  be  the  thickness  of  the 
covering  coat.      This  question   Mr.  Leslie  has    likewise 
resolved.     On  a  bright  side  of  a  canister  he  spread  a  thin 
coat  of  liquified  jelly,  and  four  times  the  quantity  upoii 
another  side ;  both  dried  into  very  thin  films.    The  efiect 
"^       of  the  thinnest  film  was  38,  that  of  the  other  54.     In  this 
case  the  effect  ibcreased  with  the  thickness  of  the  coat  The 
augmentation  goes  on  till  the  thickness  of  the  coat  of  jelly 
amounts  to  about  -nnr?^^  ^^  ^^  ^^^^  >  ^^^  which  it  remains 
stationary.     When  a  surface  of  the  canister  was  rubbed 
with  olive  oil,  the  effect  was  51 :  a  thicker  coat  of  oil  pro- 
duced an  effect  of  59.      Thus   it  appears  that  when  a 

*  Leslie,  p.  81. 
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metallic  surface  is  covered, with  a  coat  of  jelly  or  oil,  the  Chap.  IL 
effect  is  proportional  to  the  thickness  of  the  coat,  till  this  "''"^v*"^ 
thickness  amounts  to  a  certain  quantity ;  but  when  a  vitreous 
surface  is  covered  by  very  thin  coats  of  metal,  no  such 
change  is  perceived.  A  canister  was  employed,  one  of  the 
sides  of  which  was  a  glass  plate.  Upon  this  plate  were 
applied,  in  succession,  very  fine  coats  of  gold,  silver,  and 
copper  leaf.  But  notwithstanding  their  thinness,  the  effect 
was  only  12,  or  the  same  that  would  have  been  produced 
by  a  thick  coat  of  these  very  metals.  But  when  glass 
enamelled  with  gold  is  used,  the  e£fect  is  somewhat  increased; 
a  proof  that  varying  the  thickness  of  the  metallic  coats 
would  have  the  same  efiect  as  varying  the  thickness  of  jelly, 
provided  they  could  be  procured  of  sufficient  tenuity.*  As 
long  as  an  increase  of  thickness  alters  the  radiating  power 
of  the  coat,  it  is  obvious  that  the  surface  of  the  canister 
below  exerts  a  certain  degree  of  energy.  And  the  action 
exerted  by  metallic  bodies  appears  to  be  greater  than  that 
exerted  by  vitreous  bodies. 

10.  Such  are  all  the  circumstances  connected  with  the 
radiating  surface  hitherto  observed,  which  influence  its 
power.  For  hitherto  it  has  been  impossible  to  ascertain 
the  efficacy  of  hardness  and  softness^  or  of  colour,  upon 
radiation;  though  it  appf^rs,  from  Mr.  Leslie's  experi* 
ments,  not  unlikely  that  sofbiess  has  a  tendency  to  promote 
radiation,  f  But  as  the  effect,  as  far  at  least  as  measured  by 
the  differential  thermometer,  depends  not  only  upon  the 
radiating  surface,  but  likewise  upon  the  surface  of  the  focal 
ball,  and  likewise  of  the  reflector;  it  will  be  necessary  also 
to  consider  the  modifications  produced  by  alterations  in  the 
sur&ce  of  these  bodies.  This  inquiry,  for  which,  like  the 
preceding,  we  are  indebted  to  Mr.  Leslie,  will  throw  con- 
siderable light  on  the  nature  of  radiation. 

11.  When  the  focal  ball  is  in  its  natural  state,  tliat  is  to  Surfaces  »<» 
say,    when   its  surface  is  vitreous,    it  has  been   already  ^J^^^'J^^^j 
observed,  that  the  side  of  the  hot  canister  coated  with  lamp  in  the  lamc 
black  raises  the  thermometer  100^     If  the  experiment  be^^P^***"- 
repeated,  covering  the  focal  ball  with  a  smooth  surface  of 
tinfoil,  instead  of  rising  to  100^,  the  thermometer  will  only 
indicate  20°.     A  bright  side  of  the  canister  will  raise  the 
thermometer,  when  the  focal  ball  is  naked,  12°;  but  when 

*  Leslie,  p.  110.  t  ll>id*  P*  90. 
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Book  I.    the  ball  is  covered  with  tinfoil,  the  elevation  will  not 
Divwon  L  2^d^ees.*     From  these  experiments  it  is  obvious,  that 
^^"^^'"""^  metal  not  only  radiates  heat  worse  than  glass,  but  likewise 
that  it  is  not  nearly  so  capable  of  imbibing  it  when  the  rays 
strike  against  its  sur&ce.     If  the  surface  of  the  dnibil  be 
firrrowed  by  rubbing  it  with  sand  paper,  the  efiect  produced 
Upben  the  focal  ball  is  exposed  in  the  focus  will  be  consider- 
ably increasedf     It  has  been  already  observed  that  the 
radiating  power  of  tin  is  likewise  increased  by  scratching  it. 
These  facts  entitled  us  to  conclude,  that  those  surfiu:es 
which  radiate  heat  most  powerfully,  likewise  absorb  it  most 
abundantly  when  it  impinges  against  them. 
Rejection       12.  The  very  contrary  holds  with  respect  to  the  reflec- 
invcreeiy  as  ^ors,  as  might  indeed  have  been  expected.    Those  snrfiuxs 
which  radiate  heat  best,  reflect  it  worst ;  while  tlie  weakest 
radiating  surfaces  are  the  most  powerful  reflectors.     Metala 
of  course  are  much  better  reflectors  than  glass.     When  a 
glass  mirror  was  used  instead  of  the  tin  reflector,    the 
differential  thermometer  rose  only  one  degree;  upon  coating 
the  surface  of  the  mirror  with  lamb  black,  all  eflect  was 
destroyed;  when  covered  with  a  sheet  of  tinfoil  the  eflfect 
was  10^  J. 
Reflecting       To  compare  the  relative  intensity  of  different  substanoei 
^^"  ^bo-  ^  reflectors,  Mr.  Leslie  placed  ^in  smooth  plates  of  the 
dies.  substances  to  be  tried  before  the  principal  reflector,   and 

nearer  than  the  proper  focus.  A  new  reflection  was  pi^ 
duced,  and  the  rays  were  collected  in  a  focus  as  much 
nearer  the  reflector  than  the  plate  as  the  old  focus  was  frr* 
ther  distant.  The  comparative  power  of  the  different 
substances  tried  was  as  follows  :§ — 


Brass   100 

Silver 90 

Tinfoil 85 


Lead •  •     60 

Tinfoil  softened  by  mercmy  10 
Glass 10 

Block-tin 80  I  Ditto  coated  with  wax  or  oil    5 

Steel 70  I 

When  the  polish  of  the  reflector  is  destroyed  by  rubbu^ 
it  with  sand  paper,  the  efiect  is  very  much  diminished. 
When  the  reflector  is  coated  over  with  a  solution  of  jdiv, 
the  effect  is  diminished  in  proportion  as  the  thickness  of  the 
coat  increases,  till  its  diameter  amounts  to  two^  pturt  of 

*  Leslie^  p.  19.  f  Ibid.  p.  81.  %  Ibid.  p.  90l 
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mi  inch.    The  following  table  exhibits  the  intensity  of  the  Chzp.  ii. 
reflector  coated  with  jelly  of  various  d^rees  of  thicknes&.* 

Thickness  of  coat.  Effect. 

Naked  reflector 127 

' 98 


4  0  0  0  0  0 

1 
1 00000 

T5Wo 

'ft  d  o'O  d 

1 

1  0000 

•        1 

16bo' 

1 
{lo66 

1  6*6  6 


',  93 

i —  87 

»  61 

'-^  39 

' 29 

L-  , 21 

'  15 


All  these  phenomena  are  precisely  what  might  have  been 
expected,  on  the  supposition  that  the  intensity  of  reflection 
is  inversely  that  of  radiation.  Mr.  Leslie  has  shown  that 
it  is  the  anterior  sur&ce  of  reflectors  only  that  acts.  For 
when  a  glass  mirror  is  employed,  its  power  is  not  altered 
by  scraping  ofi*  the  tin  from  its  back,  nor  by  grinding  the 
posterior  surface  with  sand  or  emery.* 

13.  Such  are  the  phenomena  of  the  radiation  of  heat  as 
far  as  the  radiating  surface,  the  reflector,  and  the  focal  ball 
are  concerned.  It  cannot  be  doubted  from  them,  that  heat 
is  actually  I'adiated  from  diflerent  surfaces,  and  that  bodies 
vary  considerably  in  tlieir  radiating  power.  We  have  seen 
also  that  substances  difler  no  less  from  each  other  in  their 
power  of  reflecting  heat,  ai^d  that  the  intensity  of  the  latter 
power  is  always  die  inverse  of  the  intensity  of  the  former. 
Before  we  can  be  able  to  form  a  judgment  of  the  way  in 
which  the  heat  is  conveyed  in  these  cases,  it  will  be  neces- 
sary to  examine  the  efibct  of  the  diflerent  mediums  in  which 
the  radiation  may  take  place,  and  the  obstructions  occasioned 
by  putting  different  substances  between  the  radiating  surface 
and  the  reflector.  Both  of  these  points  have  been  examined 
by  Mr.  Leslie  with  his  usual  acuteness. 

14.  In  all  common  cases,  the  medium  through  which  the  Rtdittion 
heat  is  radiated  is  the  air ;  and  from  Mr.  Leslie's  experi-  ^|!fin  j!}^ 
ments  it  appears,  that  no  sensible  radiation  can  be  observed  tic  medi- 
when  the  canister,  reflector,  and  differential  thermometer,  ""**• 

are  plunged  into  water.     Hence  he  concludes,  that  no 
radiation  takes  place  except  when  the  radiating  body  is 

♦  Leslie,  p.  106.  f  Leslie,  p,  21» 


44 


IMPONDERABLE  BODIKS. 


Book  t.  gurrounded  with  an  elastic  medium*  But  the  experiments 
iXfiiiool.  ^]|{^  i^Q  adduces  are  scarcely  sufficient  to  decide  the  point. 
Substances  cool  so  fast  when  plunged  into  water,  that  there 
is  scarcely  time  for  the  thermometer  to  be  afiected ;  and^ 
besides^  the  heat  could  scarcely  accumulate  in  the  focal  ball 
in  such  quanti^  as  to  occasion  a  sensible  rise. 

Heat  radiates  through  all  the  gaseous  bodies  tried ;  and 
from  Mr.  Leslie's  experiments,  it  does  not  appear  that  the 
rajte  of  radiation  is  much  influenced  by  altering  the  sur- 
rounding medium.  The  rate  is  the  same,  at  least,  in  air 
and  hydrogen  gas ;  and  oxygen  and  azotic  gas  appear  to 
DimiAished  have  the  same  properties  in  this  respect  as  air.  Mr.  Leslie 
^J*»^^c-  |jgg  shown  also  that  the  rarefaction  of  the  surrounding  air 
diminishes  somewhat  the  radiating  energy  of  surfaces ;  but 
the  radiation  diminishes  at  different  rates  in  differait  gases, 
The  following  table,  calculated  from  his  trials,  shows, 
according  to  him,  the  diminution  of  the  power  of 
in  air  and  hydrogen  gas  of  different  d^rees  of  rarity. 


Rarity. 

Air. 

Hydrogen.  | 

Radial 
Glass. 

ion  of 
Metal. 

Radia 

Glass. 

tion  of 
Metal. 

1 

5714 

714 

5714 

714 

2 

5519 

690 

5584 

698 

4 

58S2 

667. 

5456 

682 

8 

5150 

644 

5331 

666 

16 

4975 

622 

5210 

651 

S2 

4805 

601 

5091 

637 

64 

4641 

580 

4974 

622 

128 

4483 

560 

4861 

608 

256 

4331 

542  1 

1 

4750 

594 

512 

4183 

523 

4641 

580 

1024 

4041 

505 

4538 

567 

HEAT*  4§ 

Such  is  the  efiect  of  different  mediams  as  &r  as  they  have  Chap.  II. 
been  examined  by  Mr.  Leslie;  but  the  experiments  on 
which  his  conclusions  were  founded  would  require  to  be  re* 
peated. 

15.  When  a  substance  is  interposed  by  way  of  screen  iotereq>- 
between  the  hot  canister  and  the  reflector,  the  effect  igtJjepoww 
either  diminished  or  destroyed  altogether,  according  to 
circumstances.  These  circumstances  have  been  examined 
by  Mr.  Leslie  with  great  sagaci^.  Lideed,  the  develop- 
ment of  the  efiect  of  screens  constitutes  perhaps  the  most 
curious  and  important  part  of  his  whole  work.  A  screen 
may  affect  the  radiation  of  heat  three  ways :  1.  By  its  dis- 
tance from  the  hot  canister;  2.  By  its  thickness:  and,  S» 
By  the  nature  of  the  substance  of  which  it  is  composed. 
Let  us  take  a  view  of  each  of  these  in  succession. 

First,  From  all  Mr.  Leslie's  trials,  it  appears  that  s 
screen  diminishes  the  effect  of  radiation  upon  the  differ* 
ential  thermometer  situated  in  the  focus  of  die  reflector,  in 
proportion  to  its  distance  from  the  canister.    When  placed 
very  near  the  canister,  the  efiect  is  comparatively  small; 
but  it  increases  rapidly  as  the  screen  is  drawn  away  from  Inereuet 
the  canister ;  so  Aat  the  elevation  of  the  differential  ther-  7^^  '?f ^ 
mometer  is  soon  prevented  altogether.     When  the  canister  the  hot  bo* 
is  at  the  distance  of  three  feet  from  the  reflector,  if  the  dde  ^^' 
painted  with  lamp  black  produce  an  efiect  equivalent  to 
100,  this  efiect  upon  interposing  a  pane  of  glass  at  the  dis- 
tance of  two  inches  fi^m  the  canister  will  be  diminished  to 
20.    When  the  pane  is  advanced  slowly  forward  towards 
the  reflector,  the  efiect  of  the  radiation  gradually  dimi- 
nishes ;  and  when  it  has  got  to  the  distance  of  one  foot  froni 
the  screen,  the  radiation  is  completely  intercepted.* 

Second,  When  a  screen  of  thin  deal  board  is  used  instead 
of  the  pane  of  glass,  and  placed  at  the  distance  ef  two 
inches  from  the  canister,  the  radiation  is  diminished,  and  And  wUk 
the   diminution  is    proportional   to  the  thickness  of  the  '^  ^^^^* 
board. 

With  a  board  -J-  inch  thick  the  efiect  is  20 

|.  inch 15 

.  • . .  • 1  inch 9 

*  Leslie,  p.  98. 
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Book  I.    Hius  the  radiation  diminishes  v^  slowly  as  the  thickness 
x/iYHMUMi.  increases.* 

Radiated  Third,  When  a  sheet  of  tinfoil  is  substituted  for  the 
heat  inter-  glass  pane,  and  put  into  the  same  position,  the  effect,  in- 
afl^Mlidsf  Btead  of  20,  is  reduced  to  0 ;  and  this  happens  however  thin 
the  tinfoil  is;  ey^i-  gold  leaf  of  the  thickness  of  TT^mrv^ 
part  of  an  inch,  thou^  pervious  to  light,  completely  stops 
the  progress  of  radiating  heat.  When  a  sheet  of  writing 
paper  is  substituted  for  tinfoil,  the  effect  is  23.  f  Thus  it 
appears,  that  substances  vary  considerably  from  ead|^  odier 
in  their  property  cf  intercepting  radiating  heat;  and  like- 
wise that  the  power  of  intercepting  heat  is  inversely  as  the 
power  of  radiating  it  Those  substances  which  radiate 
most  heat,  intercept  the  least  of  it  when  in  the  situation  of 
screens;  and  those  which  radiate  the  least  heat,  on  the 
contrary,  intercept  the  most.  But  it  was  formerly  obaerved, 
that  the  power  of  absorbing  heat  was  the  same  with  that  of 
radiating  it.  Hence  those  substances  which  abscHrb  least 
beat  are  the  most  powerful  interceptors  of  it,  and  the  con- 
trary. 

These  facts  lead  naturally  to  die  opinion,  that  the  pro- 
^  perty  of  absorbing  heat  dqiends  upon  the  surface  of  the 
substance  which  is  interposed^  a  screen ;  an  opinion  whidi 
Mr.  Leslie  has  established  by  the  following  experiments. 
He  took  two  panes  of  glass,  and  coated  one  side  of  eadb 
with  tinfoil,  leaving  the  other  side  bare.  These  two  panes 
were  pressed  together ;  the  tinned  side  of  each  being  out- 
most, and  applied  as  a  screen  at  two  inches  distance  from 
the  canister,  llie  whole  of  the  rays  of  heat  appeared  to 
be  intercepted,  for  the  thermometer  was  not  acted  upon  at 
all.  Bat  when  the  glass  side  of  the  screen  was  outmost 
the  effect  of  radiation  was  equivalent  to  18.  Here  we  find 
the  very  same  screen,  in  the  very  same  position,  intercept- 
ing very  different  proportions  of  the  radiated  heat,  accord- 
ing to  the  nature  of  its  external  siurface.  When  the  tin 
was  outmost,  the  whole  heat  was  stopped ;  but  whai  the 
glass  was  outmost,  about  -fth  passed  on  to  the  reflec^tof. 
The  effect  was  analogous  when  two  sheets  of  tin,  eadi 
painted  on  one  side  with  a  thin  coat  of  lamp  blacky  were 

♦  Leslie,  p.  38.  t  It>itl. 
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employed  as  a  screen,  and  plaoed  two  inches  from  the  Ohftp.  li. 
canisCier*  Pressed  together,  and  having  their  metal  wdes  ▼  '  ^ 
outmost,  the  radiation  produced  no  effect  upon  the  ther- 
mometer ;  but  when  the  blackened  sides  were  outmost,  the 
efiect  was  equivaleiit  to  23.  When  only  one  of  the  plates 
is  used,  and  its  Uackcned  side  turned  to  the  canister,  the 
efiect  is  equal  to  4.  If  the  two  plates  be  used  with  their 
blackened  sides  outmost,  and  at  the  distance  of  two  inches 
from  each  other,  all  effect  is  destroyed.^ 

16.  But  the  subsequent  experiments  of  M.  De  la  Roche 
have  somewhat  modified  the  consequences  which  appeared  to 
follow  from  the  very  ingenious  experiments  of  Leslie,  and 
show  a  much  greater  analogy  between  the  radiation  of  light 
and  heat  than  that  philosopher  had  supposed.  De  la 
Roche  found  that  radiant  heat  in  some  cases  passes  directly  ^ 
through  glass:  that  the  quantity  of  radiant  heat  which 
passes  directly  through  glass  is  so  much  greater  relative  to 
the  whole  heat  emitted  in  the  same  direction,  as  the  tem- 
perature of  the  source  of  heat  is  more  elevated :  that  calo- 
rific rays,  which  have  already  passed  through  a  screen  of 
glass,  experience  in  passing  through  a  second  glass  screen 
of  a  similar  nature  a  much  smaller  diminution  of  their 
intensity  than  they  did  in  passing  through  the  first  screen : 
that  rays  emitted  by  a  hot  body  differ  from  each  other  in 
their  facul^  of  passing  through  glass:  that  a  thick  glass, 
though  as  much  or  more  permeable  to  light  than  a  thin 
glass  of  a  worse  quality,  allows  a  much  smaller  quantity  of 
radiant  heat  to  pass;  but  the  difference  is  so  much  the  less 
as  the  temperature  of  the  radiating  source  is  more  elevated  c 
and  that  the  quantity  of  heat  which  a  hot  body  yields  in  a 
given  time  by  radiation  to  a  cold  body  situated  at  a  dis- 
tance^ increases,  cteteris  paribus^  in  a  greater  ratio  than  the 
excess  of  temperature  of  the  first  body  above  the  second.f 

These  experiments  of  De  la  Roche,  supposing  them  cor- 
rect, destroy  the  conclusions  deduced  from  Mr.  Leslie's 
observations,  that  there  is  an  essential  difference  between 
the  radiation  of  light  and  of  heat     There  would  appear  on  Analogy 
the  contrary  to   be  a  close  analogy  between  them.     The  hSTaS 
hypothesis  of  Mr.  Leslie  that  the  radiation  of  heat  is  owing  lighL 
to  aerial  vibrations,  similar  to  the  propagation  of  sound, 

*  Leslie,  p.  35.  f  Annals  of  Philosqph^^ii.  100. 
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Book  I.  cannot  be  admitted,  because  it  is  inconsistent  with  ihm 
^***°°  •  experiments  of  De  la  Roche.  It  would  not  be  surprising 
if  the  power  of  producing  heat  and  light  were  prbperties  ^ 
the  same  substance.  It  may  produce  light  when  acting 
with  a  certain  intensity,  or  when  the  particles  follow  eadi 
other  at  certain  limited  intervals.  When  these  intervals 
are  changed  heat  may  be  produced.  It  is  even  conceivablt 
that  those  rays  which  are  invisible  to  our  eyes,  and  which 
therefore  we  are  accustomed  to  consider  as  pure  caloric^ 
may  produce  an  illuminating  e£^t  upon  the  eyes.of  some 
other  animals. 

II.  Conduction  of  Heat. 

I.  K  we  put  the  end  of  a  bar  of  iron,  20  inches  lon^  into 
a  common  fire,  while  a  thermometer  is  attached  to  th« 
other  extremity,  4  minutes  elapse  before  the  thermomet^ 
begins  to  ascend,  and  15  minutes  by  the  time  it  has  risen 
15^.  In  this  case,  the  caloric  takes  4  minutes  to  pass 
through  a  bar  of  iron  20  inches  long.  When  caloric  passes 
in  this  slow  manner,  it  is  said  to  be  conducted  through 
bodies.  It  is  in  this  manner  that  it  usually  passes  through 
non-elastic  bodies ;  and  though  it  often  moves  by  radiation 
through  elastic  media,  yet  we  shall  find  afterwards  that  it  ia 
capable  of  being  conducted  through  tliem  likewise. 
Conducting  2.  As  the  velocity  of  caloric,  when  it  is  conducted  throi]|j^ 
pTJncd  *"  bodies,  is  greatly  retarded,  it  is  clear  that  it  does  not 
move  through  them  without  restraint.  It  must  be  detained 
for  some  time  by  the  particles  of  the  conducting  body,  and 
consequently  must  be  attracted  by  them.  Hence  it  follows 
that  there  is  an  aflSnity  or  attraction  between  caloric  and 
every  conductor.  It  is  in  consequence  of  tliis  affinity  jLhal 
it  is  conducted  through  the  body. 

3.  Bodies  then  conduct  caloric  in  consequence  of  their 
affinity  for  it,  and  the  property  which  they  have  of  combin* 
ing  indefinitely  with  additional  doses  of  it.  Hence  the 
reason  of  the  slowness  of  the  process,  or,  which  is  the  same 
thing,  of  the  long  time  necessary  to  heat  or  to  cool  a  body* 
The  process  consists  in  an  rJmost  infinite  number  of  repeat* 
ed  compositions  and  decompositions. 

4.  We  sec,  too,  that  when  heat  is  applied  to  one  extre- 
mity of  a  body,  tiie  temperature  of  the  strata  of  that  body 
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must  diminith  equably,  according  to  their  distance  firom  the  Chap.ll. 
source  of  heat.  Every  person  must  have  observed  that  ^^-v— ' 
this  is  always  the  case.  li^  for  instance,  we  pass  our  hand 
along  an  iron  rod,  one  end  of  which  is  held  in  the  fire,  we 
shall  perceive  its  temperature  gradually  diminishing  from 
the  end  in  the  fire^  which  is  hottest,  to  the  other  extremity, 
which  is  coldest  Hence  the  measure  of  the  heat  trans- 
mitted must  always  be  proportional  to  the  excess  of  tem- 
perature communicated  to  that  side  of  the  conductor  which 
is  nearest  the  source  of  heat. 

5.  The  passage  of  caloric  through  a  body  by  its  conduct-  Has  a  limit. 
ing  power  must  have  a  limit ;  and  that  limit  depends  upon 

the  number  of  doses  of  caloric  with  which  the  stratum  of  the 
body  nearest  the  source  of  heat  is  capable  of  combining. 
If  the  length  of  a  body  be  so  great  that  the  strata  of  which 
it  is  composed  exceed  the  number  of  doses  of  caloric  with 
which  a  stratum  is  capable  of  combining^  it  is  clear  that 
caloric  camiot  possibly  be  conducted  through  the  body; 
that  is  to  say,  the  strata  fiEirthest  distant  from  the  source  of 
heat  cannot  receive  any  increase  of  temperature.  This 
limit  depends,  in  all  cases,  upon  the  quantity  of  caloric 
with  which  a  body  is  capable  of  combining  before  it 
changes  its  state.  All  bodies,  as  &r  as  we  know  at  present, 
are  capable  of  combining  indefinitely  with  caloric ;  but  the 
greater  number,  after  die  addition  of  a  certain  number  of 
doses,  change  theur  state.  Thus  ice^  after  combimng  with 
a  certain  quantity  of  caloric,  is  changed  into  water,  which 
is  converted  in  its  turn  to  steam  by  the  addition  of  more 
caloric.  Metals  also,  when  heated  to  a  certain  degree, 
melt,  are  volatilized,  and  oxidated :  wood  and  most  other 
combustibles  eateh  fire^  and  are  dissipated.  Now  when- 
evar  as  much  caknric  has  combined  with  the  first  stratum  of 
a  body  a^  it  can  receive  without  chan^^ng  its  state,  it  is 
evident  that  no  more  caloric  can  enter  the  body ;  because 
the  next  dose  will  dissipate  the  first  stratum. 

6.  As  to  the  rate  at  which  bodies  conduct  caloric,  that 
depends  upon  the  specific  nature  of  each  particular  body; 
the  best  conductors  conducting  most  rapidty,  and  to  the 
greatest  distance.  The  goodness  of  bodies  as  conductors 
appears  to  be  in  some  measure  dependent  upon  their  den- 
sity:  but  not  altogether,  as  the  specific  affinity  of  each  fot 
caloric  must  have  considerable  influenee.    When  bodies 
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Book  I.  are  arranged  into  sets,  we  may  lay  it  down  as  a  general  rule 
Division  .  ^^  ^jjg  densest  sets  conduct  at  the  greatest  rate.  Thus  the 
metals  conduct  at  a  greater  rate  than  any  other  bodies.  But 
in  considering  the  individuals  of  a  set,  it  is  not  always  the 
densest  that  conducts  best. 

7.  As  bodies  conduct  caloric  in  consequence  of  their 
affinity  for  it,  and  as  all  bodies  have  an  affinity  for  caloriCf 
it  follows  as  a  consequence,  that  all  bodies  must  be  con- 
ductors, unless  their  conducting  power  be  counteracted  by 
some  other  property.     If  a  body,  for  instance,  were  of  such 
a  nature  that  a  single  dose  of  caloric  sufficed  to  produce  a 
change  in  its  state,  it  is  evident  that  it  could  not  conduct 
caloric ;  because  every  row  of  particles,  as  soon  as  it  bad 
combined  witli  a  dose  of  caloric,  would  change  its  place^ 
and  could  not  therefore  communicate  caloric  to  the  strati 
behind  it. 
All  solids        8.  All  solids  arc  conductors;  because  all  solids  are  capa- 
'  blc  of  combining  with  various  doses  of  caloric  befiune  they 
change  their  state.     This  is  the  cose  in  a  very  remarkable 
degree  with  aU  earthy  and  stony  bodies ;  it  is  the  case  also 
with  metals,  with   vegetables,   and  with  animal  matters 
This,  however,  must  be  understood   with   certain  limita- 
tions.    All  bodies  arc  mdeed  conductors ;  but  they  are  not 
conductors  in  all  situations.     Most  solids  are  conductors  it 
the  common  temperature  of  the  atmosphere;  but   whoi 
heated  to  the  temperature  at  which  they  change  their  atatei 
they  are  no  longer  conductors.     Thus  at  the  temperatnre 
of  60^  sulphur  is  a  conductor;  but  when  heated  to  218^,  or 
the  point  at  which  it  melts  or  is  volatilized,  it  is  no  loagff 
a  conductor.     In  the   same  manner  ice  conducts  caloric 
when  at  the  teuiperature  of  20°,  or  any  other  d^ree  bdow 
the  freezing ''point ;    but  ice  at  32^  is  not  a  conductor, 
because  the  addition    of  caloric  causes   it  to  change  its 
state. 

9.  Witli  respect  to  liquids  and  gaseous  bodies,  it  would 
appear  at  first  sight  that  they  also  are  all  conductors;  lor 
they  can  be  heated  as  well  as  solids,  and  heated  too  con- 
siderably without  sensibly  changing  their  state.  But  flnkb 
differ  from  solids  in  one  essential  particular :  their  particles 
are  at  iull  liberty  to  move  among  themselves,  and  they  bbqr 
the  smallest  impulse;  whUe  the  particles  of  solids,  from  the 
very  nature  of  these  bodies,  are  fixed  and  stationary.    Qoe 
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of  the  changes  which  caloric  produces  on  bodies  is  expan*  Chap.n. 
sion,  or  increase  of  bulk;  and  this  increase  is  attended  ^"^^"^^^^ 
with  a  proportional  diminution  of  specific  gravity.  There- 
fore, whenever  caloric  combines  with  a  stratum  of  particles, 
the  whole  stratum  becomes  specifically  lighter  than  the 
other  particles.  This  produces  no  change  of  situation  id 
solids;  but  in  fluids,  if  the  heated  stratum  happens  to  be 
below  the  other  strata,  it  is  pressed  upwards  by  them,  and 
being  at  liberty  to  move,  it  changes  its  place,  and  is  buoyed 
up  to  the  surface  of  the  fluid. 

•In  fluids,  then,  it  makes  a  very  great  difference  to  what  Flaids carry 
part  of  the  body  the  source  of  heat  is  applied.  If  it  be^*°''^* 
applied  to  the  highest  stratum  of  all,  or  to  the  surface  of  the 
liquid,  the  caloric  can  only  make  its  way  downwards,  as 
through  solids,  by  the  conducting  power  of  the  fluid :  but 
tf  be  applied  to  the  lowest  stratum,  it  makes  its  way 
upwards,  independent  of  that  conducting  power,  in  con- 
sequence of  the  fluidity  of  the  body  and  the  expansion  of 
the  heated  particles.  The  lowest  stratum,  as  soon  as  it 
combines  with  a  dose  of  caloric,  becomes  specifically 
lighter,  and  ascends.  New  particles  approach  the  source  of 
heat,  combine  with  caloric  in  their  turn,  ard  are  displaced* 
In  this  manner  aM  the  particles  come,'  one  after  anoUier,  to 
the  source  of  heat;  of  course  the  whole  of  them  are  heated 
in  a  very  short  time,  and  the  caloric  is  carried  almost  at 
once  to  much  greater  distances  in  fluids  than  in  any  solid 
whatever.  Fluids,  therefore,  have  the  property  of  carrying 
or  transporting  caloric ;  in  consequence  of  which  they  ac- 
quire heat  independent  altogether  of  any  conducting  power* 
10.  The  carrying  power  of  fluids  was  first  accurately 
examined  by  Count  Rumford.  This  ingenious  philosopher 
was  (SO  struck  with  it  the  first  time  he  observed  it,  that  he 
was  led  to  conclude,  that  it  is  by  means  of  it  alone  that 
fluids  acquire  heat,  and  that  they  are  altogether  destitute  of 
the  property  of  conducting  caloric.  In  a  set  of  experi- 
ments on  the  communication  of  heat,  he  made  use  of  ther- 
mometers of  an  uncommon  size.  Having  exposed  one  of 
these  (the  bulb  of  which  was  near  four  inches  in  diameter) 
filled  with  alcohol  to  as  great  a  heat  as  it  could  support,  he 
placed  it  in  a  window  to  cool,  where  the  sun  happened  to  be 
shining.  Some  particles  of  dust  had  by  accident  been 
mixed  with  the  alcohol :  these  being  illuminated  by  the  sun, 

e2 


52  IMPONDERABLE  BODIES. 

Book  I.  became  perfectly  visible^  and  discovered  that  the  whole 
tvision  •  ]jq„j^  Jq  fj^Q  tube  of  the  thermometer  was  in  a  most  rupid 
motion,  running  swiftly  in  opposite  directions  upwards  and 
downwards  at  the  same  time.  Hie  ascending  current  occu-* 
{Med  the  axis^  the  descending  current  the  sides  of  the  tube* 
When  the  sides  of  the  tube  were  cooled  by  means  of  ice, 
the  velocity  of  both  currents  was  aecolarated.  It  diminiab- 
ed  as  the  liquid  cooled;  and  when  it  had  acquired  the  tem- 
perature of  the  room,  the  motion  ceased  altogether.  This 
experiment  was  repeated  with  linseed  oil,  and  the  result 
was  precisdy  the  same.  These  curr^its  were  evidently  pro- 
duced by  the  particles  of  the  liquid  going  individually  to 
the  sides  of  the  tube,  and  giving  out  their  caloric.  The 
moment  they  did  so,  their  specific  gravity  being  increased^ 
they  fell  to  the  bottom,  and  of  course  pushed  up  the 
warmer  part  of  the  fluid,  which  was  thus  forced  to  ascend 
along  the  axis  of  the  tube.  Having  reached  the  top  of  the 
tube,  the  pardcles  gave  out  part  of  their  caloric^  became 
specifically  heavier,  and  tumbled  in  their  turn  to  the  bottom. 

As  these  internal  motions  of  fluids  can  only  be  discovered 
by  mixing  with  them  bodies  of  the  same  specific  gravity 
with  themselves,  and  as  there  is  hardly  any  substance  of 
the  same  specific  gravity  with  water  which  is  not  soluble  in 
ity  Count  Rumford  had  recourse  to  the  following  ingenioM 
inethod  of  ascertaining  whether  that  fluid  also  followed  the 
same  law.  The  specific  grsYity  of  water  is  increased  coih 
siderably  by  disserving  any  salt  in  it;  he  added,  therelbfv^ 
potash  to  water  till  its  specific  gravity  was  exactly  equal  to 
that  of  amber,  a  substance  but  very  litde  heavier  than  pun 
water.  A  number  of  small  pieces  chamber  were  then  mixed 
with  this  solution,  and  the  whole  put  into  a  glass  globe  widi 
a  long  neck,  which,  on  being  heated  and  exposed  to  cool, 
exhibited  exactly  the  same  phenomena  with  the  other  fluids. 
A  change  of  temperature,  amounting  only  to  a  very  few 
degrees,  was  suflicient  to  set  the  currents  a-flowing ;  and  a 
motion  might  at  any  time  be  produced  by  applying  a  hot 
or  a  cold  body  to  any  part  of  the  vessel.  When  a  hot 
body  was  implied,  that  part  of  the  fluid  nearest  it  ascended; 
but  it  descended  on  the  application  of  a  cold  body. 

These  observations  naturally  led  Count  Rum£^d  to 
mine  whether  the  heating  and  cooling  of  fluids  be  not 
much  retarded  by  every  thing  which  diminishes  the  flaisBty 
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cf  these  bodies*  He  took  a  large  liniseed-oil  thermometer  Chap.  ii. 
with  a  copper  bulb  and  glass  tube :  the  bulb  was  placed  ^"^^^nt"^ 
exactly  in  the  centre  of  a  brass  cylinder ;  so  that  there  was 
a  void  qMice  between  them  all  around  0*85175  of  an  indi 
thick.  The  thermometer  was  kept  in  its  place  by  means  of 
four  wooden  pins  projecting  from  the  sides  and  bottom  of 
the  cylittdeTi  and  by  the  tube  of  it  passing  through  the 
cork  Btopp&t  of  the  cylinder.  This  cylinder  was  filled  with 
pure  water,  then  held  in  melting  snow  till  the  thermometer 
fell  to  32^9  and  iounediately  plunged  into  a  vessel  of  boiling 
water.  The  thermometer  rose  from  S2^  to  2Q0^  in  59T\ 
It  is  obvious  that  all  the  caloric  which  served  to  raise  the 
thermometer  must  have  made  its  way  through  the  water  in 
the  cylinder.  The  experiment  was  repeated  exactly  in  tlie 
same  manner;  but  the  water  in  the  cylinder,  which 
amounted  to  2276  grainsi  had  192  grains  of  starch  boiled 
in  it,  which  rendered  it  much  less  fluid.  The  thermometer 
now  took  1  lOG^^  to  rise  from  32^  to  200^.  The  same  expe- 
riment was  agaiii  repeated  with  the  same  quantity  of  pure 
water,  having  192  grains  of  eiderdown  mixed  with  it,  which 
would  merely  tend  to  embarrass  the  motion  of  the  particles. 
A  quantity  of  stewed  apples  were  also  in  another  experi- 
ment put  into  the  cylinder.  These  substances  retarded  the 
rate  of  cooling  rather  more  than  the  starch. 

Now  the  starch  and  eiderdown  diminished  the  fluidity  of 
the  water.  It  follows  from  these  experiments,  that  ^^  the 
more  completely  the  internal  motions  of  a  liquid  are  im- 
peded9  the  longer  is  that  liquid  before  it  acquires  a  given 
temperature."  Therefore,  when  heat  is  applied  to  liquids, 
they  acquire  the  greatest  part  of  their  temperature,  in  com- 
mon cases,  by  their  carrying  power.  If  liquids  then  be 
conductors,  their  conducting  power  is  but  small  when  com- 
pared with  their  carrying  power. 

All  liquids,  however,  are  capable  of  conducting  caloric;  And  rou- 
for  when  the  source  of  heat  is  applied  to  their  surfecc,  the  ^"^  ^^* 
caloric  gradually  makes  its  way  downwards,  and  the  tempe- 
rature of  every  stratum  gradually  diminishes  from  the  sur- 
&ce  to  the  bottom  of  the  liquid.  The  increase  of  tempera* 
ture  in  this  case  is  not  owing  to  the -carrying  power  of  the 
liquid.  By  that  power  caloric  may  indeed  make  its  way 
upwards  through  liquids,  but  certainly  not  downwards.' 
Liquids,  then,  are  conductors  of  caloric 
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Book  I.        11*  If  we  take  a  bar  of  iron  and  a  piece  of  stoneof  equal 

DhrwionL  dimensions,  and,  putting  one  end  of  each  into  the  fire,  apply 

^TY^""^  either  thermometers  or  our  hands  to  the  other,  we  shall 

conducting  find  the  extremity  of  the  iron  sensibly  hot  long  before  that 

powcra  of   ^  ^],g  stone.     Caloric  therefore  is  not  conducted  through 

all  bodies  with  the  same  celerity  and  ease.     Those  that 

all9W  it  to  pass  with  facility,  are  called  good  conductors ; 

those  through  which  it  passes  with  difficulty,  are  called  bad 

conductors. 

The  experiments  hitherto  made  on  this  subject  are  too 
few  to  enable  us  to  determine  with  precision  the  rate  at 
which  different  bodies  conduct  caloric.  The  subject,  how* 
ever,  is  of  considerable  importance,  and  deserves  a  thorough 
investigation. 
jOf  metals.  12.  Metals  are  the  best  conductors  of  caloric  of  all  the 
solids  hitherto  tried.  The  conducting  powers  of  all,  how- 
ever, are  not  equal.  Dr.  Ingenhousz  procured  cylinders  of 
several  metals  exactly  of  the  same  size,  and  having  coated 
them  with  wax,  he  plunged  their  ends  into  hot  water,  and 
judged  of  the  conducting  power  of  each  by  the  length  <^ 
wax-coating  melted.  From  these  experiments  he  conclu* 
ded,  that  the  conducting  powers  of  the  metals  which  be 
•xamined  were  in  the  following  order.* 
Silver, 
Gold, 


Tin,     *  }  "^*^^y  ^q"^'> 


Platinum, 

Steel  ^niucb  inferior  to  the  others. 

Lead, 

Stones.  13*  Next  to  metals,  stones  seem  to  be  the  best  conduc- 

tors; but  this  property  varies  considerably  in  difierent 
atones.   Bricks  are  much  worse  conductors  than  most  stones. 

Glass.  14.  Glass  seems  not  to  differ  much  from  stones  in  its  con- 

ducting power.  Like  them,  it  is  a  bad  conductor.  This 
is  the  reason  that  it  is  so  apt  to  crack  on  being  suddenly 
hi^ated  or  cooled.  One  part  of  it,  receiving  or  parting 
with  its  caloric  before  the  rest,  expands  or  contracts^  and 
destroys  the  cohesion. 

•  Jour,  de  Phjs.  1789;  p.  68. 
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15.  Next  to  these  come  dried  woods.     Mr.  Meyer  *  has  Chap.  II. 
made  a  set  of  experiments  on  the  conducting  power  of  a  ^"""v*^ 
considerable  number  of  woods.     The  result  may  be  seen  in  ^<^^- 
the  following  table,  in  which  the  conducting  power  of  water 

is  supposed  =  1. 

BOO'-.  "'"^r;."' 

Water. =  1-00 

Diaspyrus  ebenum =  2*17 

Fyrus  malus =  2*74 

Fraxinus  excelsior =  3*08 

Fagus  sylvatica ==  3*21 

Carpinus  betulus =  3*25^ 

Pnmus  domestica =c  3*25 

Uhnus =  3*25 

Quercus  robur  pedunculata =  3*^26 

Pyrus  comtnunis =  3*32 

Betula  alba s=  S'4«l 

Quercus  robur  ses^s ==  3*63 

Pinus  picea =  3*75 

Betula  alnus ==  3*84      '* 

Pinus  sylvestris =  3'86  ' 

Pinus  abies •  •  • .  =:  3*89 

Tilea  Europaea , .  /. . : =  3*90 

Charcoal  is  also  a  bad  conductor :  according  to  the  ex-  Chaicoi], 
periments  of  Morveau^  its  conducting  power  is  to  that  of  J^**"* 
fine  sand::2':3«f  Feathers,  silk,  wool,  and  hair,  are 
still  worse  conductors  than  any  of  the  substances  yet  men* 
tioned.  This  is  the  reason  that  they  answer  well  for  arti- 
cles of  clothing*  They  do  not  allow  the  heat  of  the  body 
to  be  carried  off  by  the  cold  external  air.  Coynt  Rumford 
has  ma^e  a  very  ingenious  set  of  experiments  on  the  con* 
ducting  power  of  these  substapces.:^  He  ascertained  that 
their  conducting  power  is  inversely  as  the  finene96  of  their 
texture,  , 

16.  The  conducting  power  of  liquid  bodies  has  not  been  Rdative 
examined  with  any  degree  of  precision.    I  find  by  experi-  fJS^^of* 
ment,   that  the  relative  conducting  powers  of  mercury^  Uquids. 
water,  and  linseed  oil,  are  as  follows : 

*  Ann.  de  Chim.  xxi.  32.        .  f  Ibid.  xxvi.  21^5. 

t  Phil.  Trans.  1792. 
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Book  I.  •    ^  ^ 

Division  I.  I.   EQUAL   BULKS. 

Wator =5  1 

Mercury •  •  ss  2 

Linseed  oil :=  1.111 

11.  Equal  Weights. 

Water 8  I 

Mercury %.  »  4*8 

Linseed  oil s=  1085 

Of  gases.  1  ?•  With  respect  to  gaseous  bodies,  it  is  well  known  that 
bodies  cool  much  more  slowly  in  them  than  bx  liquids.  But 
as  the  cooling  of  hot  bodies  in  gases  is  produced  by  a  va- 
riety of  causes  besides  the  conducting  power  of  these  fluids, 
it  is  difiicult  to  form  an  estimate  of  thtir  relative  intensities 
as  conductors  from  the  time  that  elapses  during  the  <xx>liiig 
of  bodies  in  them.  Count  Rumford  found  that  a  diermo* 
meter  cooled  nearly  four  times  as  fiist  in  water  as  i&  air  of 
the  saaie  temperature;  but  no  &ir  inference  can  be  drawn 
from  that  experiment}  as  it  is  known  that  the  vate  of  (xk>1- 
idg  varies  with  the  temperature  much  more  in  water 
than  in  air.*  The  same  philosc^her  ascertained^  that  rare- 
fiietion  diminished  the  conducting  power  of  air^  and  that 
hot  bodies  cool  slowest  of  all  in  a  Torricellian  vacuum. 
Mr.  Leslie  was  enabled^  by  the  delicacy  of  his  instrumentB, 
to  examine  the  oonducting  power  of  gases  with  more  pre- 
cision than  had  been  previously  done.  The  following  are 
the  fiK^  which  he  ascertained. 

The  conducting  power  of  all  gases  is  diminished  by  raie» 
faction.  He  has  endeavoured  to  deduce  fiom  his  experi^ 
ments,  that  the  conducting  power  of  air  is  nearly  propor* 
ttonal  te  the  fiftti  root  of  its  density.  But  Mr.  Dalton  has 
i^dered  it  probable  that  it  varies  nearly  as  the  cube  root  of 
its  density. 

Vapours  of  all  kinds,  and  everything  that  has  a  tendent^ 
Id  ddate  air,  diminish  its  conducting  power. 

The  conductmg  powers  of  common  air,  oxygen,  and 
azote^  are  nearly  equal*  The  conducting  power  of  car- 
bonic acid  gas  is  rather  inferior  to  that  of  air;  but  bodies 

•  Pliil.  Trans.  1786. 
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cool  in  hydrogen  gas  more  than  twice  as  fiust  as  in  common  *Qmp.  ii. 
air*    By  analysing  the  process  of  coolingi  and  ascertaining 
that  the  radiation  is  the  same  in  air  and  hydrogen  gas,  Mr. 
Leslie  has  rendered  it  probable  that  the  conducting  power 
of  this  gas  is  four  times  as  great  as  that  of  air.* 

Mr.  Dalton  has  lately  investigated  the  rate  of  cooling  of 
hot  bodies  in  diflbrent  gases.  He  filled  a  strong  phial  with 
the  gas  to  be  examined;  introduced  into  it  a  delicate  ther«. 
mometer  thxou^  a  perforated  cork,  and  observed  the  time 
it  took  to  cool  15°  or  20^  The  following  tabic  exhibits 
the  result  of  his  trials.t 


Gases.  Time  of  Cooling. 

Carbonic  acid^ «...  1 12^' 

Sulphureted  hydrogen, '\ 
Nitrous  OKide,  I   • . . .  100-h 

Olefiant  gas,  J 

Common  air,*\ 

Oxygen,  >    100 

Azotic  gas,     J 

Nitrous  gas, 90 

Gas  from  pit-coal, 70 

Hydrogen  gas •    40 


SECT.  ra. 

OF  THE  £QUAL  DISTRIBUTION  OF  TEMPERATURE., 

We  have  seen,  in  the  preceding  Section,  that  caloric  is 
capable  of  moving  through  all  bodies,  though  with  differ- 
ent degrees  of  fiidlit|r.  The  consequence  d  this  property 
is  a  tendoic^  which  it  has  to  distribute  itself  among  all  con- 
tiguous bodies  in  such  a  manner,  that  the  thermometer  in- 
dicates the  same  temperature  in  all. 

1.  We  can  easily  increase  the  temperature  of  bodies,  Contiguous 
whenever  we  choose,  by  exposing  them  to  the  action  of  our  ^.^^^^^^ 
artificial  fires.    Thus  a  bar  of  iron  may  be  made  red  hot  by  same  tem* 


perature. 


*  Leslie's  Inquiry  into  the  Nature  of  Heat,  p.  473. 

t  Dalton*!  New  System  of  Cbemical  Philosophy,  p.  U7. 
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Book  I.    keeping  it  a  sufficient  time  in  a  common  fire :  but  if  we 
pimionL  ^^  j^  ^^jj^  ^j^^  ^^  j^  j  expose  it  to  the  open  air,  it  does 

not  retain  the  heat  which  it  had  received;  but  becomes 
gradually  colder  and  colder,  till  it  arrives  at  the  tempe- 
rature of  the  bodies  in  its  neighbourhood.  On  the  other 
hand,  if  we  cool  down  the  iron  bar,  by  keeping  it  for  some 
time  covered  with  snow,  and  then  carry  it  into  a  warm 
room,  it  does  not  retain  its  low  temperature,  but  becomes 
gradually  hotter,  till  it  acquires  the  temperature  of  the 
room.  Thus  it  appears  that  no  body  can  retain  its  h^h 
temperature  while  surrounded  by  colder  bodies,  nor  its  low 
temperature  while  it  is  surrounded  by  hotter  bodies.  The 
caloric,  however  combined  at  first,  gradually  distributes 
itself  in  such  a  manner,  that  all  contiguous  bodies,  when 
examined  by  the  thermometer,. indicate  the  same  tempe- 
rature. These  changes  occupy  a  longer  or  a  shorter  time^ 
according  to  the  size  or  the  nature  of  the  body;  but  they 
always  take  place  at  last. 

This  law  is  familiar  to  every  person.  When  we  wish  to 
heat  any  thing,  we  carry  it  towards  the  fire ;  when  we  wish 
to  cool  it,  we  surround  it  by  cold  bodies.  The  caloric  in 
this  last  case  is  not  lost ;  it  is  merely  distributed  equally 
through  the  bodies.  When  a  number  of  substances  are 
mixed  together,  some  of  them  cold  and  some  of  them  hot, 
they  all  acquire  the  same  temperature ;  and  this  new  tem- 
perature is  a  mean  of  all  the  first  temperatures  of  the  sub- 
stances. Those  which  were  hot  become  colder,  and  those 
which  were  cold  become  hotter.  This  property  of  caloric 
has  been  called  by  philosophers  the  eqinlibrium  of  calork; 
but  it  might  with  greater  propriety  be  denominatedy  the 
equal  distribution  of  temperature.  • 

Law  of  the  2.  From  the  experiments  of  Kraft  and  Richmann^*  made 
heating  and  ^^jj  much  precision,  and  upon  a  great  number  of  bodiei» 
bodies.  the  following  general  conclusion  has  been  drn^n.  **  When 
a  body  is  suspended  in  a  medium  of  a  temperature  difijer* 
ent  from  its  own,  the  difference  between  the  temperature 
of  the  body  and  the  medium  diminishes  in  a  geometrical 
ratio,  while  the  time  increases  in  an  arithmetical  raticu^ 
Or,  "  In  given  small  times  the  heat  lost  is  always  propor- 

*  Nov.  Comm.  Petrop.  i.  195. 


HEAT.  59 

tional  to  the  heat  remuning  in  the  body/'    This  law  had  Chap.  il. 
been  first  suggested  by  Sir  Isaac  Newton,  who  calculated  "^-^y^*^ 
by  means  of  it  several  temperatures  above  the  scale  of  ther- 
mometjers* 

From  the  late  experiments  of  Delaroche,  which  seem  to 
have  been  made  with  very  great  care,  it  appears  that  this 
law  is  only  an  approximation  to  the  truth.  At  aU  tempe* 
ratures  below  21^  it  is  sufficiently  near ;  but  the  error  in- 
creases as  the  temperature  augments,  and  at  last  becomes 
very  great 

The  caloric  which  leaves  hot  bodies  till  they  are  reduced 
to  the  temperature  of  the  substances  around  them,  is  partly 
conducted  away  by  the  surrounding  medium,  partly  ab- 
stracted by  currents  produced  in  that  medium  (supposing  it 
fluid),  and  partly  radiates  from  the  surface  of  the  hot  body. 
The  process  of  cooling,  both  in  air  and  in  water,  has  been  Cooling  de- 
analysed  with  much  address  and  success  by  Mr.  Leslie,  P*°^  ^ 
though  he  has  neglected  to  notice  the  labours  of  his  pre- 
decessors in  that  investigation.  The  following  facts  have 
been  ascertained. 

The  effect  of  the  conducting  power  depends  upon  the  The  con- 
medium,  and  is  therefore  constant,  supposing  the  tempe-  <*"«*>»« 
ratures  and  the  medium  constant;  biit  it  gradually  dimi- 
nishes as  the  temperature  of  the  hot  body  approaches  that 
of  the  medium.  * 

The  effect  of  radiation  depends  upon  the  surface  of  the  The  nuli»- 
hot  body,  and  is  therefore  constant  when  the  same  sur&ee  ^^^"* 
is  heated  to  the  same  degree:  but,  like  the  conducting 
power,  it  diminishes  as  the  hot  body  approaches  to  the 
temperature  of  the  medium. 

That  portion  of  the  medium  which  is  in  contact  with  the  And  cat- 
hot  body,  receiving  a  certain  portion  of  its  heat,  acquires  a  "°"' 
difierent  density,  and  in  consequence  gives  place  to  a  new 
portion,  which,  being  heated  in  its  turn,  follows  the  pre- 
ceding portion  ;  and  in  this  manner  a  cun*ent  is  produced, 
which  very  much  accelerates  the  rate  of  cooling.  It  is 
obvious,  that  the  velocity  of  this  current  will  be  the  greater 
the  higher  the  temperature  of  the  hot  body  is.  Hence  the 
cflbct  of  these  artificial  currents  will  diminish  as  the  tem- 
perature of  the  hot  body  approaches  that  of  the  medium. 

If  these  currents  be  artificially  increased,  it  is  obvious 
that  the  rate  of  cooling  vWl  be.  proportionably  accelerated. 
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Book  I.  Ucncc  tlic  effect  of  winds  in  cooling  hot  bodies.  From 
DivUion  L  j^.  Leslie's  experiments  it  appears  that,  other  things  being 
^"^^'"'"'^  the  same,  the  rate  of  cooling  is  always  proportional  to  the 
velocity  of  the  current,  or,  which  is  the  same  thin^  to  the 
velocity  with  which  the  hot  body  moves  through  the  cold 
medium.  Thus  a  hot  ball,  that  in  calm  air  cooled  down  a 
certain  number  of  degrees  in  120^  when. moved  in  the 
same  air  with  different  velocities,  lost  the  same  quantity  cf 
heat  in  times  which  diminished  as  the  velocity  iocreaMd^ 
as  will  be  obvious  from  the  following  table : 

Velocity.  Time  of  ooofins* 

6|^feet  persecond.*....  6(f 

20 SO 

60 • 12 

When  the  ordinary  influence  of  cooling  is  dedoeted,  ih^ 
acceleration  of  cooling  in  these  degrees  is  found  U)  increatt 
exactly  as  the  velocity.* 
Attempts  to     4.  As  socm  as  it  was  discovered  that  oontigiioiis  bodw 
^,jii}|^^  assume  the  same  temperature,  various  attempts  were  made 
of  beat,      by  philosc^hers  to  account  for  the  fisust    De  Maiiaii,  and 
other  writers  in  the  earlier  part  cf  the  1^  century^  «- 
plained  it,  by  supposing  that  caloric  is  a  floid  which  ps^ 
vades  all  space,  and  that  bodies  merdy  float  in  it  ass 
sponge  does  in  water,  without  having  any  affinity  for  it 
whatever.    The  consequence  of  all  this  was  a  constant  l» 
dency  to  an  equaUty  of  density.    Of  course^  if  too  anidli 
caloric  is  accumulated  in  one  body,  it  must  flow  out;  if 
too  little,  it  must  flow  in  till  the  equality  of  density  be  r^ 
stored. 

This  hypothesis  is  inconsistent  with  the  phoiomena  wliich 
it  is  intended  to  explain.    Were  it  true^  all  bodies  ni^f 
to  heat  and  to  cool  with  tlie  same  fitcility;  and  the 
ought  to  continue  as  long  in  the  focus  of  a  bumii^  ffimm  i 
in  a  globe  of  gold  of  the  same  diameter.    It  is  equally  ii 
consistent  with  the  nature  of  caloric;   which  has 
shown  in  the  first  section  of  this  Chapter  to  be  a  hodj 
different  from  the  hypothetical  fluid  of  De  Mairan. 
Hypothesis      5.  Another  explanation  of  the  equal  distribution  of 
of  Pictet.    pcrature,  and  a  much  more  ingenious  one,  was  proposed 

*  Leslie,  p.  ^U 
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by  Mr.  Pictet.  According  to  this  philosopher,  when  caloric  Chap.  II. 
is  accumulated  in  any  body,  the  repulsion  between  its  par-  ^*"v^ 
tides  is  increased,  because  the  distance  between  them  is 
diminished.  Accordingly  they  repd  each  other;  and  ihit 
causes  them  to  fly  off  in  every  direction,  and  to  continue 
to  separate  till  they  are  opposed  by  caloric  in  other  bodies 
of  the  same  relative  density  with  themselyes,  which,  by  re^* 
pelling  them  in  its  turn,  compels  diem  to  continue  where 
they  are.  The  equal  distribution  of  temperature  therefore 
depends  on  the  balancing  of  two  opposite  forces :  the  re* 
pulsion  between  the  particles  of  caloric  in  the  body,  which 
tends  to  diminish  the  temperature ;  and  the  repulsion  be- 
tween the  caloric  of  the  body  and  the  surrounding  caloric, 
which  tends  to  raise  the  temperature.  When  the  first  force 
is  greater  than  the  second,  as  is  the  case  when  the  tempe- 
rature of  a  body  is  higher  than  that  of  the  surrounding  bo- 
dies, the  calcme  flies  ofl^  and  the  body  becomes  colder. 
When  the  last  force  is  stroi^r  than  the  first,  as  is  the  case 
when  a  body  is  colder  than  those  which  are  around  It,  the 
particles  of  its  caloric  are  obliged  to  approach  nearer  eadi 
other,  new  caloric  enters  to  occupy  the  space  which  they 
had  left,  and  the  body  becomes  hotter.  Whai  the  two 
forces  are  equal,  the  bodies  are  said  to  be  of  the  same  tem- 
perature, and  no  change  takes  place.* 

But  this  theory,  notwithstanding  its  ingenuity,  is  incon-* 
sistent  with  the  phenomena  of  the  heating  and  cooling  of 
bodies,  and  has  accordingly  been  abandoned  by  the  inge- 
nious author  himself. 

6.  The  opinion  jit  present  most  generally  received,  and  Of  Prevost. 
which  accounts  for  the  phenomena  in  the  most  satisfactory 
manner,  is  that  of  Prevost,  first  published  in  the  Jmtrnal 
de  Physique  for  1791,  in  an  essay  on  the  equilibrium  of 
caloric;  and  afterwards  detailed  at  greater  length  in  his 
Recherches  sur  la  Chaleur.f  It  was  soon  after  adopted  by 
Mr.  Pictet,  f  and  was  applied  by  Prevost  with  much  aci- 
dress  to  the  experiments  of  Herschel  and  Pictet.§  Accord- 
ing to  him,  caloric  is  a  discrete  fluid,  each  particle  of  which 
moves  with  enormous  velocity  when  in  a  state  of  liberty. 
Hot  bodies  emit  calorific  rays  in  all  directions ;  but  its  par- 

•  See  Pictet,  sur  le  Fea,  chap.  i.        f  Geneva,  1792. 
t  Bibliotfa.  BriUn.  iv.  30.  §  Phil.  Trani.  1802,  p.  403. 
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Book  I.  tides  are  at  such  a  distance  from  each  other,  that  various 
Division^,  currents  may  cross  each  other  without  disturbing  one 
another,  as  is  the  case  with  light.  The  consequence  of  this 
must  be,  that  if  we  suppose  two  neighbouring  spaces  in 
which  caloric  abounds,  there  must  be  a  continual  exchange 
of  caloric  between  these  two  spaces.     If  it  abounds  equally 

in  each,  the  interchanges  will  balance  each  other,  and  the 
temperature  will  continue  the  same.  If  one  contains  more 
than  the  other,  the  exchanges  must  be  unequal;  and  by  a 
continual  repetition  [of  this  inequality,  the  equilibrium  of 
temperature  must  be  restored  between  them. 
*  If  we  suppose  a  body  placed  in  a  medium  hotter  than 
itself  and  the  temperature  of  that  medium  constant,  we 
may  consider  the  caloric  of  the  medium  as  consisting  of 
two  parts ;  one  equal  to  that  of  the  body,  the  other  equal 
to  the  difference  between  the  temperature  of  the  two.  The 
first  part  may  be  left  out  of  view,  as  its  radiations  will  be 
counterbalanced  by  those  of  the  body.  The  excess  alone 
requires  consideration ;  and  relatively  to  that  excess  the 
body  is  absolutely  cold,  or  contains  no  caloric  whatever.  If 
we  suppose  that  in  one  second  the  body  reorives  tV^  ^ 
this  excess,  at  the  end  of  the  first  second  the  excess  will  be 
only  -jfig^ths.  One  tenth  of  this  excess  will  pass  into  the 
body  during  the  next  second,  and  the  excess  will  be  re- 
duced to  -f^  of  j5.^  or  (t?^)^  At  the  end.  of  the  third 
second,  the  excess  will  be  {-^Y ;  at  the  end  of  the  fourth, 
(-nr)^ ;  and  so  on :  the  time  increasing  in  an  arithmeticsl 
ratio,  while  the  excess  diminishes  in  a  geometrical  ratio»  ac- 
cording to  Richmann's  rule. 

Such  is  a  sketch  of  Prevost's  thcoiy.  It  is  founded  alto- 
gether upon  the  radiation  of  caloric,  and  leaves  the  effect  of 
the  conducting  ))ower  of  bodies  out  of  sight.  The  reality 
of  the  radiation  cannot  be  doubted  ;  and  it  is  exceedin|^y 
probable  that  the  equal  distribution  of  temperature  is  the 
consequence  of  it.  Were  caloric  merely  conducted^  Jta 
progi*ess  would  be  excessively  slow,  and  indeed  absolule 
equality  of  temperature  would  scarcely  ever  take  place. 
At  the  same  time,  it  must  be  allowed  that  this  property  of 
bodies  has  veiy  considerable  influence  in  regulating  die 
time  which  elapses  before  the  temperature  of  contiguouf 
bodies  is  brought  to  equality;  and  in  so  far  as  Mr.  Prevosfs 
hypothesis  overlooks  this  circumstance,    which  obvioudy 


HEAT.  65 


depends  upon  the  affinity  exi«iiDg  between  caloric  and  qther  chap.  il. 
bodies,  it  must  be  considered  as  imperfect.  . 


SECT,  IV. 

Of  THE  EFEECT8  OF  CALORIC. 

Having  in  the  preceding  Sections  considered  the  naturiS 
of  caloric,  the  manner  in  which  it  moves  through  other 
bodies,  and  distributes  itself  among  them  ;  let  us  now  exa- 
mine,' in  the  next  place,  the  effects  which  it  produces  upon 
other  bodies,  either  by  entering  into  them  or  separating 
from  them.  The  knowledge  of  these  effects  we  shall  find 
of  the  greatest  importance,  both  on  account  of  the  im- 
mense additional  power  which  it  puts  into  our  possession, 
and  of  the  facility  with  which  it  enables  us  to  comprehend 
and  explain  many  of  the  most  important  phenomena  of  ^ 
nature.  The  effects  which  caloric  produces  on  bodies  may 
be  arranged  under  three  heads,  namely,  1.  Changes  in 
bulk;  2.  Changes  in  state;  and,  8.  Changes  in  combi- 
nation. Let  us  consider  these  three  sets  of  changes  in 
their  order. 

t 

I.    Of  Changes  in  Bulk. 

It  may  be  laid  down  as  a  general  rule  to  which  there  is  Exptntios. 
no  known  exception,  that  every  addition  or  abstraction  of 
caloric  makes  a  corresponding  change  in  the  bulk  of  the 
body  which  has  been  subjected  to  this  alteration  in  the 
quantity  of  its  heat.  In  general  the  addition  of  heat-  in- 
creases the  hulk  of  a  body,  and  the  abstraction  of  it  dimi- 
nishes its  bulk :  but  this  is  not  uniformly  the  case^  though 
the  exceptions  are  not  numerous.  Indeed  these  excep- 
tions arc  not  only  confined  to  a  very  small  number  of  bodies, 
but  even  in  them  they  do  not  hold,  except  at  certain  parti- 
cular temperatures ;  while  at  all  other  temperatures  these 
bodies  are  increased  in  bulk  when  heated,  and  diminished 
in  bulk  by  being  cooled/  We  may  therefore  consider  e»- 
pansion  as  one  of  the  most  general  effects  of  heat.  It  is 
certainly  one  of  the  most  important,  as  it  has  furnished  us 
with  the  means  of  measuring  all  the  others.     Let  us,  in  the 
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Book  I.  firstplace^  consider  the  pbaxwena  of  expansion)  and  then 
^^^^^f^^l*  tumour  attention  to  the  excepdons  which  have  been  ob- 
served. 
Htffers  in  1  •  Though  all  bodies  are  expanded  by  heat  and  oontract- 
^1^"^  ed  by  coldf  and  this  expansion  in  the  same  body  is  always 
proportional  to  some  function  of  the  quantity  of  caloric 
added  or  abstracted ;  yet  the  absolute  expansion  or  ccm- 
traction  has  been  fimnd  to  differ  exceedingly  in  difiRsrent 
bodies.  In  general^  the  expansion  of  gaseous  bodies  is 
greatest  of  all ;  that  of  liquids  is  much  smaller,  and  that  of 
solids  is  smallest  of  alL  Thus,  100  cubic  inches  of  atmos- 
pheric air,  by  benig  heated  from  the  temperature  of  SS^  to 
that  of  212%  are  increased  to  137*5  cubic  inches;  while  the 
same  augmentation  of  temperature  only  makes  100  cubic 
inches  of  water  assume  the  bulk  of  104*5  cubic  inches :  and 
100  cubic  inches  of  iron^  when  heated  from  32^  to.  212% 
assume  a  bulk  scarcely  exceeding  100*1  cubic  inches.  From 
this  example^  we  see  that  the  expansion  of  air  is  more  than 
eight  times  greater  than  that  of  water ;  and  the  expansion 
of  water  about  45  times  greater  than  that  of  iron. 
Expulsion  2.  An  accurate  knowledge  of  the  expansion  of  gaseous 
^^*^*  bodies  being  frequently  of  great  importance  in  chemical  re- 
searches, many  experiments  have  been  made  to  ascertain 
it ;  yet,  till  lately,  the  problem  was  misolved.  The  results 
of  philosophers  were  so  various  and  discordant,  that  it  was 
impossible  to  form  any  opinion  on  the  subject.  This  was 
awing  to  the  want  of  sufRcicnt  care  in  excluding  water  from 
the  vessels  in  which  the  expansion  of  the  gases  was  mea- 
sured. The  heat  which  was  applied  converted  portions  of 
this  water  into  vapour,  which,  mixing  with  the  gas,  toCallj 
disguiseil  the  real  changes  in  bulk  which  it  had  undergone. 
To  this  circumstance  we  are  to  ascribe  tlie  difference  in  the 
determinations  of  Deluc,  General  Roy,  Saussure,  Oifer- 
nois,  &c.  Fortunately  this  point  has  lately  engaged  the 
attention  of  two  very  ingenious  and  precise  philosophers; 
and  their  experiments,  made  with  the  pr(^r  precautioDSi 
have  solved  the  problem.  The  experiments  of  Mr.  Daltsn 
of  Manchester  were  read  to  the  Philosophical  Society  of 
Manchester  in  October  1801,  mid  published  early  in  1802.* 
To  him  therefore  the  honour  of  the  discovery  of  the  law 

*  Manchester  Memoirs,  ▼.  593. 


of  the  dilatation  of  gaseous  bodies  is  due :  for  Mr.  Gay  Chap.  II. 
Lussac  did  not  publish  his  dissertation  on  the  expansion ''— *v^ 
of  the  gases*  till  more  than  six  months  after.  Mr.  Dal- 
toii^s  experiments  are  distinguished  by  a  simplicity  of  appa« 
ratus,  which  add^  greatly  to  their  value,  as  it  puts  it  in  the 
power  of  others  to  repeat  them  without  difficulty.  It  con- 
sists merely  of  a  glass  tube^  open  at  one  end,  and  divided 
into  equal  parts ;  the  gas  to  be  examined  was  introduced 
into  it  after  being  properly  dried,  and  the  tube  is  filled  with 
mercury  at  the  open  end  to  a  given  point;  heat  is  then 
applied,  and  the  dilatation  is  observed  by  the  quantity  of 
mercury  which  is  pushed  out.  Mr.  Gay.  Lussac's  apparatus 
is  more  complicated  but  equally  precise;  and  as  his  experi- 
ments were  made  on  larger  bulks  of  air,  their  coincidence 
with  those  of  Mr.  Dalton  adds  considerably  to  the  con- 
fidence which  may  be  placed  in  the  results. 

From  the  experiments  of  these  philosophers  it  follows,  The  »mc 
that  all  geseous  bodies  whatever  undergo  the  same  expan-  ^^ 
sion  by  the  same  addition  of  heat,  supposing  them  placed 
in  the  same  circumstances.     It  is  sufficient,  then,  to  ascer-  * 

tain  the  law  of  expansion  observed  by  any  one  gaseous 
body,  in  order  to  know  tlie  exact  rate  of  dilatation  of  them 
all.  Now,  firom  the  experiments  of  Gay  Lussac  we  learn, 
that  air,  by  being  heated  firom  39?  to  212%  expands  from 
100  to  137*5  parts:  the  increase  of  bulk  for  180^  is  then 
37*5  parts ;  or,  supposing  the  bulk  at  32*  to  be  unity,  the 
increase  is  equal  to  0*375  parts :  this  gives  us  0*0020B,  or 
■^•i^th  part,  for  the  expansion  of  air  for  1°  of  the  thermo- 
meter. Mr.  Dalton  found  that  100  parts  of  air,  by  being 
heated  firom  55^  to  212%  expanded  to  132*5  parts:  this 
gives  us  an  expansion  of  0*00207,  or  77^  P^^9  ^^i"  ^^' 
which  diffi^rs  as  little  firom  the  determination  of  Lussac  as 
can  be  expected  in  experiments  of  such  delicacy. 

From  the  experiments  of  Gay  Lussac  it  appears  that 
the  steam  of  water,  and  the  vapour  of  ether,  undergo  the 
same  dilatation  with  air  when  the  same  .addition  is  made  to 
their  temperature.  We  may  conclude,  then,  that  all  elas- 
tic fluids  expand  equally  and  uniformly  by  heat.  The  fol- 
lowing table  gives  us  nearly  the  bulk  of  a  given  quantity  of 
air  at  all  temperatures  firom  32?  to  212°. 

*  Ann.  de  Chixn.  xliii.  137. 
VOJ*.   I.  y 
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Expansion 
of  air. 


Temp. 


Bulk. 


Expansion 
ofliquidSj 


Not  uni- 
form. 


32° 

33 

34. 

S5 

36 

87 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 


1000000 

1002083 

1004166 

1006249 

1008333 

1010416 

1012499 

1014583 

1016666 

1018749 

1020833 

1022916 

1024759 

1027083 

1029166 

1031249 

1033333 

1035416 

1037499 

1039583 

1041666 

1043749 

1045833 

1047916 

10M)999 

1 052083 

1054166 


Temp 


59° 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 


Bulk. 


1056249 

1058333 

1060416 

1062499 

1064583 

1 066666 

1068749 

1070833 

1072916 

1074999 

1077083 

1079166 

1081249 

10;.'>3333 

1085416 

1087499 

1089383 

1091666 

1093749 

1095833 

1097916 

1099999 

1102083 

1104166 

1 1 06249 

1108333 

1110416 


Temp. 


86° 

87 

88 

89 

90 

91 

92 

98 

94 

95 

96 

97 

98 

99 

100 

110 

120 

130 

140 

150 

160 

170 

180 

190 

200 

210 

212 


Bulk. 


1112499 
1114583 
1116666 
1118749 
1120835 
1122916 
1124999 
1127083 
1129166 
1131249 
11333S3 
1135416 
1137499 
1139583 
1141666 
1162499 
1183333 
1204166 
1224999 
1245833 
1266666 
1287499 
1308333 
1329166 
1349999 
1370833 
1374999 


3. 


The  expansion  of  liquid  bodies  differs  from  that  of 
the  clastic  fluids,  not  only  in  quantity,  but  in  the  want  of 
uniformity  with  which  they  expand  when  equal  additions 
are  made  to  the  temperature  of  each.  This  difference 
seems  to  depend  upon  the  fixity  or  volatility  of  the  compo- 
nent parts  of  the  liquid  bodies ;  for,  in  general,  those  liquids 
expand  most  by  a  given  addition  of  heat,  whose  boiling 
temperatures  are  lowest,  or  which  contain  in  them  an  in- 
gredient wliich  readily  assumes  the  gaseous  form.  Thus 
mercury  expands  much  less  when  heated  to  a  given  tem- 
perature than  water,  which  boils  at  a  heat  much  inferior  to 
mercury  ;  and  alcohol  is  much  more  expanded  than  water, 
because  its  boiling  temperature  is  lower.  In  like  manner, 
nitric  acid  is  mucli  more  expanded  than  sulphuric  acid  ;  not 
only  because  its  boiling  point  is  lower,  but  because  a  por- 
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tlon  of  it  has  a  tendency  to  assume  the  form  of  an  elastic  ^Chap,  ii.^ 
fluid.  This  rule  holds  at  least  in  all  the  liquids  whose  ex-  ^"^ 
pension  I  have  hitherto  tried.  We  may  consider  it  there- 
fore as  a  pretty  general  fact,  that  the  higher  the  tempera- 
ture jiecessary  to  cause  a  liquid  to  boil,  the  smaller  the 
expansion  is  which  is  produced  by  the  addition  of  a  degree 
of  heat ;  or,  in  other  words,  the  expansibility  of  liquids  is 
nearly  inversely  as  their  boiling  temperature. 

4*.  Another  circumstance  respecting   the   expansion  of  increases 
liquids  deserves  particular  attention:  the  expansibility  of J^*^*jjjj||^^ 
every  one  seems  to  increase  with   the  temperature ;  or,  in  turc. 
other  words,  the  nearer  a  liquid  is  to  the  temperature  at 
which  it  boils,  the  greater  is  the  expansion  produced  by  the 
addition  of  a  degree  of  caloric :  and,  on  the  other  hand,  the 
farther  it  is  from  the  boiling  temperature,  the  smaller  is  the 
increase  of  bulk  produced  by  the  addition  of  a  degree  of 
caloric.     Hence  it  happens,  that  the  expansion  of  those 
liquids  approaches  nearest  to  equability  whose  boiling  tem- 
peratures are  highest;  or,  to  speak  more  precisely,   the  / 
ratio  of  the  expansibility  increases  the  more  slowly  the  \ 
higher  the  boiling  temperature  is. 

5.  These  observations  are  sufficient  to  show  us,  that  the  Uncon- 
expansion  of  liquids  is  altogether  unconnected  with  their  "^^jj  ^j^*. 
density.     It  depends  upon  the  quantity  of  heat  necessary  to  wty- 
cause  them  to  boil,  and  to  convert  them  into  elastic  fluids. 

But  we  are  altogether  ignorant  at  present  of  the  reason  why 
different  liquids  require  different  temperatures  to  produce 
this  change. 

6.  The  following  table  exhibits  the  dilatation  of  various 
liquids  from  the  temperature  of  32°  to  that  of  212°,  suppos- 
ing their  bulk  at  82  to  be  1. 

Muriatic  acid*  (sp.gr.  M37)    0*0600  =  -^ 

Nitric  acid*  (sp.  gr.  1'4.0) O'llOO  =   -J- 

Sulphuric  acid*  (sp.  gr.  1-85)    0*0600  =  -^ 

Alcohol* 0-1100  =   ^ 

Water* 0*0*66  =  -jV 

Water  saturated  with  common  salt*  0*0500  =  -^ 

Sulphuric  ether* 0*0700  =  Vr 


• 


Daltoo,  New  System  of  Chemical  Philosophy;  i.  36. 
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Book  I.  Fixed  oik* 00800  =  ^ 

Divisioal.        on  of  turpentine*   0-0700  =  tV 

Mercury* 0*0200  =  ^ 

Mercury  t 0-01872  =x  ^V 

Mercuryi 0-0168  =s  Vr 

Mercury§ 0*01758  =  ^V 

MercuryO   6-0150  s  ^y 

Doctor  Young  has  observed  that  if  we  denote  a  d^ee 
of  Fahrenheit's  thermometer  by  f,  the  expansion  of  water, 
reckoning  either  way  from  39^)  is  nearly  represented  by 
'0000023  P— -00000000435  P.  He  gives  the  following 
table  of  the  expansion  of  this  liquid  from  the  experiments 
of  Gilpin  and  Kirwan*** 

Expansion 


/  ■  ^v.         ■ ^ 


Temp.  Observed.  Calculated. 

SO^Gilpin -00020  -00018 

82  G -00012 -00011 

$4  G -00006  -00005 

39  G  . . .  • -00000  -00000 

44  G -00006  -00005 

48  G -00018  -00018 

49  G -00022  -00022 

54  G -00049  -00048 

59  G -00086  -00084 

64  G -00133  -00130 

69  G -00188  -00186 

74  G -00251  -00251 

79  G -00321  -00326 

90  G -00491  -00513 

100  G -00692  -00720 

102  Kirwan -00760  -00763 

122  K '01258  -01264 

142  K -01833  •  -01859 

162  K -02481  -02512 

*  Dalton,  New  System  of  Chemical  Philosophy,  i.  36. 

t  Lord  Charles  Cavendish.  J  General  Roy. 
§  Haellstroero,  Gilbert's  Annalen,  xvii.  107. 
II  Lalande  and  Delisle,  Ibid.  p.  102. 
**  Young's  I^tures  on  Natural  Philosophy,  ii.  S91I. 
1 


HEAT. 

182  Kirwan -09198  -0321$ 

202  K •©♦OOS  -03961 

212  K -04333  -04332 


The  following  table  exhibits  the  degrees  marked  upon 
thermometers  filled  with  different  liquids  at  the  same 
temperature  as  determined  by  the  experiments  of  De  Luc* 
Tlie  tubes  containing  these  liquids  were  of  glass ;  but  as  he 
does  not  mention  their  capacities^  nor  the  value  of  a  d^ree, 
the  table  does  not  enable  us  to  determine  the  expansion  of 
the  liquids  used* 


Alcohol  ca- 

Water satu- 

Mercury. 

Olive  oil. 

Essentitloi] 
of  camomile 

Essential  oil 
of  thyme. 

pable  of  set- 
ting fire  to 
gunpowder. 

rated  with 

common 

salt. 

Water. 

80® 

80® 

80® 

80® 

80® 

80® 

80® 

75 

74-6 

74-7 

74*3 

73-8 

74*1 

71-0 

70 

69-4 

695 

68*8 

67-8 

68*4 

62*0 

65 

64*4 

64*3 

63-5 

61-9 

62*6 

53*5 

60 

59-3 

59-1 

58-3 

56-2 

57-1 

45-8 

56 

54-2 

53-9 

53-3 

50*7 

51*7 

38*i 

50 

49-2 

48*8 

48-3 

45-3 

46-6 

32*0 

45 

44-0 

43*6 

43-4 

40*2 

41-2 

26-1 

40 

39-2 

38*6 

38-4 

35*1 

36*3 

20*5 

35 

34-2 

33-6 

33*5 

30-3 

31 -3 

15-9 

30 

29-3 

28*7 

28-6 

25-6 

26*6 

11*? 

25 

24-3 

23-8 

23*8 

21*0 

21^9 

7-3 

20 

19-3 

18-9 

19*0 

16-5 

17*3 

41 

15 

14-4 

14*1 

14*2 

12-2 

12*8 

1*6 

10 

9-5 

9*3 

9-4 

7-9 

8*4 

0*2 

5 

4-7 

4*6 

4*7 

3*9 

4*2 

0*4 

0 

00 

0*0 

•    0-0 

O'O 

0-0 

0*0 

-5 

-3-9 

-4-1 

-10 

-7*7 

-8*0 

In  these  thermometers  0  denotes  the  temperature  a( 
which  water  freezes,  80®  the  temperature  at  which  it  boils. 

Gay  Lussacf  has  lately  tumecl  his  attention  to  the  phe» 
nomena  of  the  expansion  of  liquids.     The  following  table 

^  Recherches  sur  les  Modifications  de  I'Atmospherei  i.  271. 
t  Ann.  de  Chim.  et  Phys.^  ii.  ISO. 
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Book  I.  exhibits  tlie  result  of  his  researches.  He  supposes  the 
'  Ditiiion  L  volume  of  each  of  the  liquids  at  its  boiling  temperature  to 
be  1000.  The  table  represents  the  contractions  which 
each  liquid  experienced  when  cooled  down  every  five 
degrees  centigrade  below  its  boiling  point.  The  tempera- 
tures at  which  the  different  liquids  tried  boiled  were  as 
follows : 

Water    212* 

Alcohol 173-14 

Sulphuret  of  carbon ....  1 16*1 
Sulphuric  ether 96*2 


Tempera- 

Water. 

Alcohol. 

Sulphuret  of 
carbon. 

Ether. 

ture. 

CoBtrmcCioB*. 

Contnetkttt. 

CoBtnctloiN. 

Contnctioof. 

0° 

0-00 

0-00 

0-00 

0-00 

5 

3-34 

5-55 

6-14 

8-15 

10 

6-61 

11-43 

12-01 

16-17 

15 

10-50 

17-51 

17-98 

24-16 

20 

13-15 

24-34 

23-80 

31-83 

25 

1606 

29-15 

29-65 

39-14 

80 

18-85 

,34-74 

35-06 

46-42 

35 

21-52 

40-28 

40-48 

52-06 

40 

24-10 

45-68 

45-77 

58-77 

45 

26-50 

50-85 

51-08 

65-48 

50 

28-56 

56-02 

56-28 

72-01 

55 

30-60 

61-01 

61-14 

78-38 

60 

32-42 

65-06 

66-21 

i 
1 

65 

34-02 

70-74 

70 

35-47 

75-48 

75 

36-70 

80-11 

Expansion 
of  solids. 


From  the  preceding  table  it  appears  that  alcojiol  and  sul- 
phuret of  carbon  undergo  the  same  dilatation.  Gay  Lussac 
has  shown  that  they  likewise  form  the  same  volume  of 
vapour  when  exposed  to  a  boiling  temperature. 

Alcohol  forms  488*3  its  volume  of  vapour. 

Sulphuret  of  carbon  491-1  its  volume  of  vapour. 

7.  The  expansion  of  solid  bodies  is  so  small  that  many 
precautions  are  necessary  to  measure  it  with  precision.  So 
far  as  observation  has  gone  it  is  equable.  In  this  respect 
resembling  the  expansion  of  the  gases.   I  shall  inti-o^uce 
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here  in  the  first  place  the  table  of  the  expansion  of  different  Cbap.  II. 
solid  bodies  from  82°  to  212°,  as  determined  by  Lavoisier 
and  Laplace,  in  1782.  The  experiments  seem  to  have 
been  made  with  very  great  care.  They  were  supposed  to 
have  been  lost;  but  have  lately  been  recovered  and  publish- 
ed by  Biot.* 

Length  of  a  rule  at        Dilatation 
Substances  tried.  312^  which  at  da®         in  vulgar 

is  1,00000000.  fractions. 

Glass  of  Saint  Gobain * . . . .  1,00089089 ....  ^tW 

Glass  tube  without  lead    1,00087572 ....  r^-^ 

Ditto 1,00089760 ttItt 

Ditto 1,00091751 -hjW 

English  flint  glass 1,00081166 ....  -j-^ 

French  glass  with  lead 1,00087199 -yttt 

CJopper 1,00172244? ^tt 

Copper 1,00171222 . .  •  •  -g-^ 

Brass 1,00186671 ....  ^rr 

Brass 1,00188971 ....  -^ 

Hammered  iron 1,00122045  ....  -^ 

Iron  wire 1,00123504? -^ 

Hard  steel 1,00107875  ....  ^ 

Soft  steel    1,00107956 .^ 

Tempered  steel 1,00123956 ....  -^ 

head 1,00284836 ^^ 

Malacca  tm 1,00193765 ....  -^ 

Tin  from  Fahnouth 1,00217298  ....  .^ 

Cupelled  silver 1,00100974  ....  •^ 

Silver,  Paris  standard 1,00190868 ....  -^ 

Pure  gold 1,00146606  ....  .^ 

Gold,  Paris  standard,  not  softened  1,00155155....  ^^ 

Ditto,  softened 1,00151361 ....  -^ 

In  the  year  1754,  Mr.  Smeaton  published  a  set  of  expe* 
rlments  on  the  expansion  of  different  substances  measured 
by  means  of  a  very  ingenious  instrument  of  his  own  inven- 
tion, described  by  him  in  the  Philosophical  Transactions 
for  that  year.f    The  following  table  shows  the  expansions 

*  Traits  de  Physique,  i.  158.  f  Phil.  Trang.  1754,  p.  598. 


72  IMPONDEBABLt  BODIES. 

Book  I.    which  the  (!i£ferent  substances  tried,  undergo  ficom  92"  to 
^^^^-  212°  rtipposlng  the  original  bulk  to  be  1. 

White  glass  barometer  tube O'OOOSS 

Antimony 0*001083 

Blistered  steel    0*001125 

Hard  steel 0-001225 

Iron    • 0-001258 

Bismuth 0-001S92 

Copper  hammered 0-001700 

Copper,  8  parts  mixed  with  tin  1  .... .  0*0018166 

Brass,  16  parts  with  tin  1 0*001908 

Brass  wire 0-001935 

Speculum  metal 0-001933 

Spelter  solder,  viz.  brass  2,  zinc  1  •  •  •  •  0-002058 

Fine  pewter  •  • 0*002283 

Grain  tm > . . .  0-002483 

Soft  solder,  viz.  lead  2,  tin  1 0*002508 

Zinc,  8  with  tin  1,  a  little  hammered . .  0-002692 

Lead 0*002867 

Zinc 0*002942 

Zinc  hanmiered  4-  inch  per  foot 0*00301 1 

The  following  table  exhibits  the  dilatations  of  different 
substances  as  determined  by  General  Roy,  the  accuracy  oC 
whose  experiments  is  well  known. 

Glass  tube 0*00077615 

Glass  rod 0*00080787 

Cast-iron  prism 0-001 1094 

Steel  rod 0.0011447 

Brass  scale,  supposed  from  Hamburg  0*0018554- 

English  plate  brass  rod 0*001875 

English  plate  brass  trough  ••......  0*0018928 

In  the  following  table  I  shall  give  the  result  of  .the  trials 
of  some  other  artists  and  philosophers  on  the  expansion  of 
some  other  bodies,  reckoning  as  usual  the  bulk  at  32^  to 
be  1.    The  expansion  given  is  fit)m  32^  to  21 2^ 

Steel 0*0011899.  Troughton. 

Silver 0*0020826.  Troughton. 

Copper 0*0019188.  Troughton. 

Iron  wire 0*0014401.  Troughton. 
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Platiniim 0-0009918.  Trooghton. 

Platinum.. 0*00085655.  Borda. 

Palladium   0.0010.  Wollaston. 

Iron 0*001446.  Haellstroem. 

The  expansion  of  glass  being  frequently  an  important 
point  in  experiment  has  been  examined  with  great  care. 
But  different  kinds  of  glass  differ  so  much  from  each  other 
that  no  general  rule  can  be  laid  down.  Lavoisier  and  La- 
place found  that  it  was  the  less  dilatable  by  heat  the  more 
lead  it  contained.*  Several  determinations  will  be  found  in 
the  preceding  tables,  and  I  shall  add  some  more  here. 
Ramsden  found  tlie  expansion  between  32°  and  212^  of  a 
solid  glass  rod  0*0096944,  and  that  of  a  glass  tube 
0*0093138.  De  Luc's  experiments  on  the  expansion  of  ther- 
mometer and  barometer  tubes  may  be  seen  in  the  following 
table. 


Temp.   Bulk. 

32^  100000 
50  100006 
70   100014 


Temp.        Bulk. 

167^     100056 
190       100069 


Temp.        Bulk. 

100°     10002S 
120       100033 
I     150       100044     I    212       100083 

8.  The  property  which  bodies  possess  of  expanding, 
when  heat  is  applied  to  them,  has  furnished  us  with  an  in- 
strument for  measuring  the  relative  temperatures  of  bodies. 
This  instrument  is  the  thermometer.  A  thermometer  is  Nature  of 
merely  a  hollow  tube  of  glass,  hermetically  sealed,  and  ^^^f  "*°' 
blown  at  one  end  into  a  hollow  globe  or  bulb.  The  bulb 
and  part  of  the  tube  are  filled  with  mercury.  When  the 
bulb  is  plunged  into  a  hot  body,  the  mercury  expands,  and 
of  course  rises  in  the  tube;  but  when  it  is  plunged  into  a 
cold  body,  the  mercury  contracts,  and  of  course  falls  in 
the  tube.  The  rising  of  the  mercury  indicates  an  increase 
of  beat;  its  falling  a  diminution  of  it;  and  the  quantity 
which  it  rises  and  &Us  indicates  the  proportion  of  increase 
or  diminution.  To  facilitate  observation,  the  tube  is  di- 
vided into  a  number  of  equal  parts  called  degrees. 

The  thermometer,  to  which  we  are  indebted  for  almost 
all  the  knowledge  respecting  caloric  which  we  possess,  was 
invented  about  the  beginning  of  the  17th  century;  and  is 
supposed  by  some  to  have  been  first  thought  of  by  Sane- 

*  Biot.  Trait6  de  Physique,  i.  157. 
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Book  I.     torlo,  the  celebrated  founder  of  statical  medicine.     The 
Divisionl.  gj^^  j.yjg  thermometer  was  improved  by  the  Florentine 
^"^^^^"^  academicians  and  by  Mr.  Boyle ;  but  it  was  Sir  Isaac  New- 
ton who  rendered    it  really  useful,    by  pointing  out  the 
method   of  constructing  thermometers  capable  of  being 
compared  together. 
How  gni-        If  we  plunge  a  thermometer  ever  so  often  into  melting 
"  snow,  it  will  always  stand  at  the  same  point.     Hence  we 

learn  that  snow  always  begins  to  melt  at  the  same  tempe* 
rature.  Dr.  Hooke  observed  also,  that  if  we  plunge  a  ther- 
mometer ever  so  often  into  boiling  water,  it  always  stands 
at  the  same  point,  provided  the  pressure  of  the  atmosphere 
be  the  same ;  consequently  water  (other  things  being  the 
same)  always  boils  at  the  same  temperature.  If  therefore 
we  plunge  a  new  made  thermometer  into  melting  snow,  and 
mark  the  point  at  which  the  mercury  stands  in  the  tube ; 
then  plunge  it  into  boiling  water,  and  mark  the  new  point 
at  which  the  mercury  stands ;  then  divide  the  portion  of 
the  tube  between  the  two  marks  into  any  number  of  equal 
partsj  suppose  100,  calling  the  freezing  point  0,  and  the 
boiling  point  100; — every  other  thermometer  constructed 
in  a  similar  manner  will  stand  at  tlie  same  degree  with  the 
first  thermometer,  when  both  are  applied  to  a  body  of  the 
same  temperature.  All  such  thermometers  therefore  may 
be  compared  together,  and  the  scale  may  be  extended  to 
any  length  both  above  the  boiling  point  and  below  the 
freezing  point, 

Newton  first  pointed  out  tlie  method  of  making  compa- 
rable therm(jmeters ;  *  but  the  practical  part  of  the  art  was 
greatly  simplified  by  Mr.  Fahrenheit  of  Amsterdam  andj)r. 
Martinc  of  St.  Andrew's.f  From  the  different  methods 
followed  by  philosophical  instrument  makers  in  determining 
the  boiling  point,  it  was  found,  that  thermometers  very 
seldom  agreed  with  each  other,  and  that  they  often  deviated 
several  degrees  from  the  truth.  This  induced  Mr.  Caven- 
dish to  suggest  to  the  Royal  Society  the  importance  of  pub- 
lishing rules  for  constructing  tliese  very  useful  instruments. 
A  committee  of  the  society  was  accordingly  appointed  to 
consider  the  subject.     This  committee  published  a  most  va- 

•  Phil.  Trans.  Abr.  iv.  L 

t  Od  the  Construction  and  Graduation  of  Tl)ermomcters. 
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luable  set  of  directions,  ivhich  may  be  consulted  in  the  cbap.li. 
Philosophical  Transactions.*     The  most  important  of  these  ^"^r*^ 
directions  is,  to  expose  the  whole  of  the  tube  as  well  as  the 
ball  of  the  thermometer  to  steam,  when  the  boiling  water 
point  is  to  be  detsrmined.     They  recommend  this  to  be 
done  when  the  barometer  stands  at  29*8  inches. 

Mercury  is  the  liquid  which  answers  best  for  thermome- 
ters, because .  its  expansion  is  most  equable,  owing  to  the 
great  distance  from  its  boiling  and  freezing  points.  There  DifTcrent 
are  four  diflferent  thermometers  used  at  present  in  Europe,  |*»*r™^*" 
differing  from  one  another  in  the  number  of  degrees  into 
which  the  space  between  the  freezing  and  boiling  points  is 
divided.  These  are  Fahrenheit's,  Celsius's,  Reaumur's, 
and  De  Lisle's. 

Fahrenheit's  thermometer  is  used  in  Britain.  The  space 
-between  the  boiling  and  freezing  points  is  divided  into 
180^ :  but  the  scale  begins  at  the  temperature  produced  by 
mixing  together  snow  and  common  salt,  which  is  32°  be- 
low l^e  freezing  point;  of  course  the  freezing  point  is 
marked  32°,  and  the  boiling  point  212°.f 

The  thermometer  of  Celsius  is  used  in  Sweden ;  it  has 
been  used  also  in  France  since  the  Revolution,  under  the 
name  of  the  thermometre  ceniigiade.  In  it  the  space  be- 
tween the  freezing  and  boiling  points  is  divided  into  100°. 
The  freezing  point  is  mai'ked  0,  the  boiling  point  100°.:|: 

The  thermometer  known  by  the  name  of  Reaumur, 
which  was  in  fact  constructed  by  De  Luc,  wa$  used  in 
France  before  the  Revolution.  In  it  the  space  between  the 
boilmg  and  freezing  points  is  divided  into  80°.  The  freez- 
ing pohit  is  marked  0,  the  boiling  point  80°.  § 

De  Lisle's  thermometer  is  used  in  Russia.     The  space 

•  Phil.  Trans.  1777,  p.  816. 

f  This  is  the  thermometer  always  used  throughout  tliis  Work,  uulesi 
when  some  other  is  particularly  mentioned. 

X  Consequently  the  degrees  of  Fahrenheit  arc  to  those  of  Celsius,  as 
180  :  100  =  18  :  10  =  9  :  5.  That  is,  9°  of  Fahrenheit  are  equal  to 
5^  of  Celsius.    Therefore,  to  reduce  the  degrees  of  Celsius  to  those  of 

9C 

Fahrenheit,  we  have  F  = +  32. 

5 

§  Consequently  180  F  =  80  R,  or  18  F       8  R,  or  9  F  =  4  R;  there- 

fore  F  = +  32. 

4 
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Book  I.  between  the  boiling  and  freezing  points  is  divided  into  1 50^ : 
Division  I.  but  the  graduation  b^^s  at  the  boiling  point,  and  in- 
^''^>/^^  creases  towards  the  freezing  point.    The  boiling  point  is 

marked  Oy  the  freezing  point  150°.* 
Exoqitioiit      ^-  Having  now  considered  the  phenomena  and  laws  of 
to  ezptn-    expansion  as  far  as  they  are  understood,  it  will  be  proper 
^'  to  state  the  exceptions  to  this  general  effect  of  heat,  or  the 

cases  in  which  expansion  is  produced,  not  by  an  increase, 
but  by  a  diminution   of  temperature.     These  exceptions 
Of  two      may  be  divided  into  two  classes.     The  first  class  compre- 
hends certain  liquid  bodies  which  have  a  maximum  of  den- 
sity corresponding  with  a  certain  temperature;  and  which, 
if  they  be  heated  above  that  temperature,  or  cooled  down 
below  it,  undergo  in  both  cases  an  expansion  or  increase  of 
bulk.     The  second  class  comprehends  certain  liquids  which 
suddenly  become  solid  when  cooled  down  to  a  certain  tern- 
l>erature;  and  this  solidification  is  accompanied  by  an  in- 
crease of  bulk, 
i.  Water         10.  Water  furnishes  a  remarkable  example  of  the  first 
imum'd^  class  of  bodies.     This  liquid  is  at  its  maximum  of  density 
sity  at  4<fi.  when  nearly  at  the  temperature  of  40®.    If  it  be  cooled 
down  below  40%  it  expands  as  the  temperature  diminishes; 
if  it  be  heated  above  40%  it  in  like  manner  expands  as  the 
temperature  increases.     Thus  two  opposite  effects  are  pro- 
duced by  heat  upon  water,  according  to  the  temperature  of 
that  liquid.     From  40®  to  32®,  and  downwards,  heat  di- 
minishes the  bulk  of  water;  but  fi-em  40®  to  212®,  and 
upwards,  it  increases  its  bulk.     Such  is  the  opinion  at  pre- 
sent received  by  most  persons,  and  which  is  considered  as 
^e  result  of  the  most  exact  experiments. 
History  of      The  &cts  which  led  to  this  conclusion  were  first  observed 
^diaco-    by  fj^Q  Florentine  academicians.     An  account  of  tlieir  ex- 
periinents  was  published  in  the  Philosophical  Transactions 
for  1670.f    'JThey  filled  with  water  a  glass  ball,  terminating 
in  a  narrow  graduated  neck,  and  plunged  it  into  a  mixture 

*  Hence  180  F  ^  150  D,or6  F  =  5  D.    To  reduce  the  degrees  of 
De  Lisle's  thennometer  under  the  boiling  point  to  those  of  Fahrenheit, 

we  have  Fs"  212  ^  ;  to    reduce  those   above   the   boiling  point, 

6D 

r  =  212  +  — -• 

t  Phil.  Trans.  No.  66,  or  vol.  v.  p.  2020.    Abridgement,  i.  540. 
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of  snow  and  salt.  The  water  started  suddenly  up  into  the  Chap.  ii. 
neck,  in  consequence  of  the  construction  of  the  vessel,  and 
slowly  subsided  again  as  the  cold  affected  it.  After  a  cer« 
tain  interval  it  b^n  to  rise  again,  and  continued  to  ascend 
slowly  and  equably,  till  some  portion  of  it  shot  into  ice, 
when  it  sprung  up  at  once  with  the  greatest  veloci^.  The 
attention  of  the  Royal  Society  was  soon  afterwards  called 
to  this  remarkable  expansion  by  Dr.  Croune^  who,  in  1683, 
exhibited  an  experiment  similar  to  that  of  the  Florentine 
philosopbat^  and  concluded  fi^m  it,  that  water  begins  to 
be  expanded  by  cold  at  a  certain  temperature  above  the 
freezing  point.  Dr.  Hooke  objected  to  this  conclusion,  and 
ascribed  the  apparent  expansion  of  the  water  to  the  con- 
traction of  the  vessel  in  which  the  experiment  was  made. 
This  induced  them  to  cool  the  glass  previously  in  a  freezing 
mixture,  and  then  to  fill  it  with  water.  The  effect,  notwith- 
standing this  precaution,  was  the  same  as  before.*  Mr. 
De  Luc  was  the  first  who  attempted  to  ascertain  the  exact 
temperature  at  which  this  expansion  by  cold  begins.  He 
placed  it  at  41°,  and  estimated  the  expansion  as  nearly 
equal,  when  water  is  heated  or  cooled  the  same  number  of 
degrees  above  or  below  41°.  He  made  his  experiments  in 
glass  thermometer  tubes,  and  neglected  to  make  the  cor- 
rection necessary  for  the  contraction  of  the  glass;  but  in  a 
set  of  experiments  by  Sir  Charles  Blagden  and  Mr.  Gilpin^ 
made  about  the  year  1 790,  this  correction  was  attended  ta 
Water  wto  weighed  in  a  glass  bottle  at  every  d^ree  of 
temperature  from  32°  to  100°,  and  its  specific  gravity  as- 
certained. They  fixed  the  maximum  of  density  at  39°, 
and  found  the  same  expansion  very  nearly  by  the  same 
change  of  temperature  either  above  or  below  39°.  The 
following  table  exhibits  the  bulk  of  water  at  the  correspond- 
ing degrees  on  both  sides  of  39°,  according  to  their  expe- 
riments, f 

*  Birche*s  Ifist.  of  the  Royal  Society,  ir.  S5l 
t  PhiL  Trans.  1792,  p.  4S8. 
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Mr,  Dfllton,  in  a  set  of  experiments  published  in  1802,  ot>. 
tained  nearly  the  sAme  result  as  De  Luc.  He  placed  the 
maximum  density  at  425°,  not  making  any  correction  for 
the  contraction  of  the  glass ;  and  obsen-ed,  as  Blagden  had 
done  before  him,  that  the  expansion  is  the  same  on  both 
sides  of  the  maximum  point,  when  the  change  of  tempera- 
ture is  the  Game,  and  continues  liowever  low  down  the  water 
be  cooled,  provided  it  be  not  frozen,* 

All  these  experiments  had  been  made  by  codling  water 
in  glais  vessels ;  but  when  the  French  were  forming  their 
new  weights  and  measures,  the  subject  was  investigated  by 
tiefebvre-Gineau  in  a  different  manner,  A  determinate 
bulk  of  water  at  a  given  temperature  was  chosen  for  the 
foundation  of  their  weights.  To  obtain  it,  a  cylinder  of 
copper,  about  nine  French  inches  long,  and  as  many  in  dia- 
meter, was  made,  and  its  bulk  measured  with  the  utmost 
possible  exactness,  This  cylinder  was  weighed  in  water  of 
various  temperatures.  Thus  was  obtained  the  weight  of  a 
<]uantity  of  water  equal  to  the  bulk  of  the  cylinder ;  and 
tliis,  corrected  hy  the  alteration  of  the  bulk  of  the  cylinder 
itself  from  heat  or  cold,  gave  the  density  of  water  at  the' 
temperatures  tried.     The  result  was,  that  the  density  of  the 

■  Miinchester  Mem.  v.  374, 
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water  constantly  increased  till  the  temperature  of  40°,  be-  Chap.  ii. 
]ow  which  it  as  constantly  diminished.*  These  experiments 
seem  to  have  been  made  about  the  year  172^5.  More  lately 
a  set  of  experiments  was  tried  by  HaeUstroem  exactly  in 
the  same  way ;  but  he  substituted  a  cylinder  of  glass  for  the 
one  of  metal.  The  result  which  he  obtained  was  the  same. 
The  necessary  corrections  being  made,  he  found  the  maxi- 
mum density  of  water  lie  between  4?°  and  5°  of  Celsius,  or 
nearly  at  4-0*^  of  Fahrenheit.+ 

Still  more  lately,  a  set  of  experiments  have  been  pub- 
lished by  Dr.  Hope,  which  lead  to  the  same  result  in  a  dif- 
ferent way.  He  employed  tall  cylindrical  glass  jars  filled 
with  water  of  different  temperatures,  and  having  thermome- 
ters at  their  top  and  bottom.  The  result  was  as  follows ; 
1.  When  water  was  at  32°,  and  exposed  to  air  of  61°,  the 
bottom  thermometer  rose  fastest  till  the  water  became  of  38°, 
then  the  top  rose  fastest.  Just  thd  reverse  happened  when 
the  water  was  53°,  and  exposed  to  the  cold  water  surround- 
ing the  vessel;  the  top  thermometer  was  highest  till  the 
water  cooled  down  to  4-0**,  then  the  bottom  one  was  highest. 
Hence  it  was  inferred,  that  water  when  heated  towards  4*0° 
sunk  down,  and  above  4*0°  rose  to  the  top,  and  vice  versom 
^.  When  a  freezing  mixture  was  applied  to  the  top  of  the 
glass  cylinder  (temp,  of  air  41°),  and  continued  even  for  se- 
veral days,  the  bottom  thermometer  never  fell  below  39° ; 
but  when  the  freezing  mixture  was  applied  to  the  bottom, 
the  top  thermometer  fell  to  34?°  as  soon  as  the  bottom  one. 
Hence  it  was  inferred,  that  water  when  cooled  below  39° 
cannot  sink,  but  easily  ascends.  3.  When  the  water  in  the 
cylinder  was  at  32^,  and  warm  water  applied  to  the  middle 
of  the  vessei,  the  bottom  thermometer  rose  to  39°  before  the 
top  one  was  affected ;  but  when  the  water  in  the  cylinder 
was  at  39*5°,  and  cold  was  applied  to  the  middle  of  the 
vessel,  the  top  thermometer  cooled  down  to  33°  before  tlie 
bottom  one  was  affected4 

Count  Rumtbrd  has  lately  published  a  set  of  experiments 

♦Jour,  de  Phys.  xlix.  171;  and  Hauy's  Truit6  de  Physique,  i.  55. 
and  181. 

t  Gilbert's  Annalen  der  Physik,  xvii.  207. 

I  See  Edin.  Trans,  vol.  vi.  Tho  paper  was  published  before  October 
1804. 
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Book  I.  conducted  nearly  on  tlie  same  principles  with  those  of  Dn 
Division  I.  Hope,  and  leading  to  the  same  results.  They  are  contrived 
^"'^''**^  with  his  usual  ingenuity ;  but  as  they  are  of  posterior  date, 
and  add  nothing  to  the  facts  above  stated,  I  do  not  ttunk  it 
necessary  to  detail  them,*  Dr.  Hope's  experiments  and 
those  of  Count  Rumford  coincide  with  those  above  related, 
in  fixing  the  maximum  densi^  of  water  at  between  89^ 
and  40^.  ^ 

Such  are  the  experiments  by  which  this  very  curious  and 

.  important  fact  seems  perfectly  established.     The  mean  of 

them  all  makes  the  point  at  which  the  specific  gravity  of  water 

is  a  maximum  89'8P.     We  may  therefore  without  much 

risk  of  error  consider  it  in  round  numbers  as  40%  which  was 

the  temperature  selected  by  the  French  Philosophers  when 

they  fixed  their  new  standard  of  weights  and  measures. 

3.  Many  H-      11.  That  class  of  bodies  which  undergo  an  expansion 

^"*^.""    when  they  change  firom  a  liquid  to  a  solid  body  by  the  dimi- 

ciystalli-     nution  of  temperature,  is  very  numerous.     Not  only  wat» 

Xing.  when  converted  into  ice  undergoes  such  an  expansion,  but 

all  bodies  which  by  coolinp;  assume  the  form  of  crystals. 
Exptnrion  The  prodigious  force  witli  which  water  expands  in  the  act 
Q  ice.  ^j.  freezing  has  been  long  known  to  philosophers.  Glass 
bottles  filled  with  water  are  commonly  broken  in  pieces 
when  the  water  freezes.  The  Florentine  academicians  burst 
a  brass  globe,  whose  cavity  was  an  inch  in  diameter,  by 
filling  it  with  water  and  freezing  it.  The  force  necessary 
for  this  effect  was  calculated  by  Muschenbroeck  at  27720  lbs. 
But  the  most  complete  set  of  experiments  on  the  expau^ve 
force  of  freezing  water  are  those  made  by  Major  Williams 
at  Quebec,  and  published  in  the  second  volume  of  the  Edin- 
burgh Transactions.  This  expansion  has  been  explained  by 
supposing  it  the  consequence  of  a  tendency  which  water,  in 
^  Tpnsolidating,  is  observed  to  have  to  arrange  its  particles  in 
one  determinate  manner,  so  as  to  form  prismatic  crystals, 
crossing  each  other  at  angles  of  60°  and  120°.  The  force 
with  which  they  arrange  themselves  in  this  manner  must  be 
enormous,  since  it  enables  small  quantities  of  water  to  over- 
come so  great  mechanical  pressures.  I  tried  various  me- 
thods to  assertain  the  specific  gravity  of  ice  at  32°:  the  one 
which  succeeded  best  was,  to  dilute  spirits  of  wine  with 

*  See  Nicholson*^  Journal,  xi.  228.    Aug.  1805. 


BEAT*  81 

• 

«mter  tUI  a  mass  of  solid  ice  put  into  it  remained  in  any  part  Chap.  II. 
of  the  liquid  without  either  sinkiag  or  rising.  I  found  the  ^**v"^ 
specific  gravity  of  such  a  liquid  to  be  0*92 ;  which  of  course 
is  the  specific  gravity  of  ice,  supposing  the  specific  gravi^ 
of  water  at  60^  to  be  1  •  This  is  an  expansion  much  greater 
than  water  experiences  even  when  heated  to  212^,  We  see 
from  this,  that  water,  when  converted  into  ice,  no  longer 
observes  an  equable  expansion,  but  undergoes  a  very  rapid 
and  considerable  augmentation  of  bulk. 

The  same  expansion  is  observed  during  the  crystal- 
lization of  most  of  the  salts ;  all  of  them  at  least  which 
shoot  into  prismatic  forms.  Hence  the  reason  that  the  glass 
vessels  in  which  such  liquids  are  left  usually  break  to  pieces 
when  the  crystals  are  formed.  A  number  of  experiments 
on  this  subject  have  been  published  by  Mr.  Vauquelin.* 

^Several  of  the  metals  have  the  property  of  expanding  at 
the  moment  of  their  becoming  solid.  Reaumur  was  the 
fir^t  philosopher  who  examined  this  point.  Of  all  the 
metallic  bodies  that  he  tried,  he  found  only  three  that  ex- 
panded, while  all  the  rest  contracted  on  becoming  solid. 
These  three  were,  cast  iron^  bismuth^  and  antimony, f  Hence 
the  precision  witk  which  cast  iron  takes  the  impression  of 
the  mould. 

This  expansion  of  these  bodies  cannot  be  considered  as 
an  exception  to  the  general  fact,  that  bodies  increase  in  bi^ 
when  heat  is -added  to  them;  for  the  expansion  is  the  con^ 
sequence,  not  of  the  diminution  of  heat«  but  of  the  change 
in  their  state  from  liquids  to  solids,  and  the  new  arrange- 
ment of  their  particles  which  accompanies  or  constitutes  that 
change. 

12.'  It  must  be  observed,  however,  that  all  bodies  do  not  Some  bo- 
expand  when  they  become  solid.     There  are  a  considerable  f^t^" 
ntunber  which  diminish  in  bulk;  aud  in  these  the  rate  of  freezing, 
diminution  in  most  cases  is  rather  increased  by -solidifica- 
tion.    When  liquid  bodies  are  converted  into  solids,  they 
either  form  prismatic  crystals,  or  they  form  a  mass  in  which 
no  regularity  of  arrangement  can  be  perceived.   In  the  first 
case^  expansion  accompanies  solidification;  in  the  second 
place^  contraction  accompanies  it.     Water  and  all  the  salts 

*  AnD.  de  Cbim.  xiv.  S86. 

t  Mem.  Par.  1726.  p.  273.    BerthoUett's  Sutique  Chimique,  ii.  S48. 
V9L.  I.  Q 
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Book  I.  furnish  instances  of  the  first,  and  tallow  and  oils  are  exam* 
P^^'i^l  \'  pies  of  the  second.  In  these  last  bodies  the  scdidification 
does  not  take  place  instantaneously^  as  in  water  and  salts, 
but  slowly  and  gradually;  they  first  become  viscid,  and  at 
last  quite  solid.  Most  of  the  oils  when  they  solidify»  form 
very  regular  spheres.  The  same  thing  happens  to  honey 
and  to  some  of  the  metals,  as  mercury,  whidi  Mr.  Caven« 
dish  has  shown  from  his  own  expei*iments,  and  those  of  Mr. 
Macnab,  to  lose  about  -^  of  its  bulk  in  the  act  of  solidifi- 
cation.* When  sulphuric  acid  congeals,  it  does  not  per- 
ceptibly expand^  nor  does  it  in  the  least  alter  its  appearance. 
Sulphuric  add,  of  the  specific  gravity  1*8,  may  be  cooled 
down  in  thermometer  tubes  to  —  36^  before  it  fireezes ;  and 
during  the  whole  process  it  continually  contracts.  At 
—36%  or  about  that  temperature,  it  fireezes;  but  its  appear- 
ance is  so  little  altered,  diat  I  could  not  satisfy  myself  i^e- 
ther  or  not  the  liquid  was  fi'Ozen  till  I  broke  the  tube.  It 
was  perfectly  solid,  and  displayed  no  appearance  of  crys- 
tallization. On  the  other  hand,  cast  iron  expands  in  the 
act  of  congealing. 

II.      CUANOES    IN   THE    StATE  OF  BoDIES. 

All  substances  in  nature,  as  far  as  we  are  acquainted 
with  them,  occur  in  one  or  other  of  the  three  following 
states ;  namely,  the  state  of  solids,  of  liquids^  or  of  elastic 
fluids  or  vapours.  It  has  been  ascertained,  that  in  a  vast 
number  of  cases,  the  same  substance  is  capable  of  existing 
successively  in  each  of  these  states.  Thus  sulphur  is  usually 
a  solid  body ;  but  when  heated  to  218%  it  is  converted  into 
a  liquid ;  and  at  a  still  higher  temperature  (about  570^),  it 
assumes  the  fonn  of  an  elastic  vapour  of  a  deep  brown  co- 
lour. Thus  also  water  in  our  climate  is  usually  a  liquid; 
but  when-cooled  down  to  32%  it  is  converted  into  a  solid 
body,  and  at  212°  it  assumes  the  form  of  an  elastic  fluid. 
Bodies  AU  solid  bodies  a  very  small  number  excepted,  may  be 

thcir^utc    ^^^verted  into  liquids  by  heating  them  sufiiciently ;  and,  on 
by  heat,      the  other  hand,  every  liquid,  is  convertible  into  a  solid  body 
by  exposing  it  to  a  sufiicient  degree  of  cold.    All  liquid  bo- 
dies may,  by  heating  them,  be  converted  into  elastic  fluids, 

*  Phil.  Trans.  1?83,  p.  23. 


«nd  a  great  many  solids  are  arable  of  undergoing  the  same  chap.  II. 
change  ^  and,  b»tly,  the  number  of  elastic  fluids  which  by  ^-^^^^"^ 
cold  are  condensible  into  liquids  or  solids  is  by  no  means 
inconsiderable*  These  &cts  have  led  philosophers  to  form 
this  general  conclusion,  *^  That  all  bodies,  if  placed  in  a 
temperature  sufficiently  low,  would  assume  a  sglid  form; 
that  all  solids  become  U(}uids  when  sufficiently  heated;  and 
that  all  liquids,  when  exposed  to  a  certain  temperature,  as- 
sume the  form  of  elastic  fluids."  The  state  of  bodies  then 
depends  upon  the  temperature  in  which  they  are  placed ;  in 
the  lowest  temperatures  they  are  all  solid,  in  higher  tem- 
peratures they  are  converted  into  liquids,  and  in  the  highest 
of  all  they  become  elastic  fluids.  The  particular  tempera- 
tures at  which  bodies  undergo  those  changes,  are  exceed- 
ingly various,  but  they  are  always  constant  for  the  same  bo- 
dies. Thus  we  see  that  heat  produces  changes  on  the  state 
of  bodies,  converting  them  all,  first  into  liquids,  and  then 
into  elastic  fluids. 

I.  When  solid  bodies  are  converted  by  heat  into  liquids,  Convenba 
the  change  in  some  cases  takes  place  at  once.     There  is  no  ^o  iTqiSdsr* 
interval  between  solidity  and  liquidity ;  but  in  other  cases  a 
very  gradual  change  may  be  perceived :  the  solid  becomes 
first  soft,  and  it  passes  slowly  through  all  the  degrees  of 
softness,  till  at  last  it  becomes  perfectly  fluid.     The  con-  instanta- 
version  of  ice  into  water  is  an  instance  of  the  first  change;  'j^ ^ 
for  in  that  substance  there  is  no  intervening  state  between 
solidity  and  fluidity.    The  melting  of  glass,  of  wax,  and  of 
tallow,  exhibits  instances  of  the  second  kind  of  change,  for 
these  bodies  pass  through  every  possible  degree  of  sofiiiesil 
before  they  terminate  in  perfect  fluidity.    In  g^ieral,  those 
solid  bodies  which  crystallize  or  assume  regular  prismatic 
figures,  have  no  interval  between  solidity  and  fluidity;  while . 
those  that  do  not  usually  assume  such  ahapes  have  the 
property  oif  appearing  successively  in  all  the  intermediate 
states. 

1.  Solid  bodies  never  begin  to  assume  a  liquid  form  till  Takes  place 
they  are  heated  to  a  certain  temperature :  tliis  temperature  *|^*P*'^"- 
is  constant  in  alL    In  the  first  class  of  bodies  it  is  very  well  nture. 
defined :  but  in  the  second  class,  though  it  is  equally  con- 
stant, the  exact  temperature  of  fluidity  cannot  be  pointed 
out  with  such  precision,  on  account  of  the  infinite  number 
of  ghades  of  softnna  thcough  which  the  bodies  pass  before 
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Book  I.  they  acquire  their  greatest  possible  flmdity.  Bat  even  in 
Division  I.  jjjggg  bodies  we  can  easily  ascertain,  that  the  same  tempera- 
ture always  produces  the  same  d^ree  of  fluidity.  The  tem- 
peratures at  which  this  change  from  solidity  to  liquidity  takes 
place  receive  different  names  according  to  the  usual  state 
of  the  body  thus  changed.  When  the  body  is  usually  ob- 
served in  a  liquid  state,  we  call  the  temperature  at  which 
it  assumes  the  form  of  a  solid  \\a  freezing  point ,  or  congealing 
point.  Thus  the  temperature  in  which  water  becomes  ice 
is  called  the  freezing  point  of  water;  on  the  other  hand^ 
when  the  body  is  usually  in  the  state  of  a  solid,  we  call  the 
temperature  at  which  it  liquifies  its  melting  point :  thus  218^ 
is  the  melting  point  of  sulphur;  4>42^  tl;e  melting  point 
of  tin. 

2.  The  following  table  contains  a  list  of  the  melting 
points  of  a  considerable  number  of  solid  bodies: 


Substance.  Melting  Point. 

Tableof       Lead    r 612° 

melting       Bismuth 476 

P^^""-        Tin! 442 

Sulphur 218 

Wax   142* 

Spermaceti 112 

Pnosphorus     108 

Tallow     92 

Oil  of  anise 50 

Olive  oil 36 


Melting  Point 
32 


Substance. 

Ice  •      •..••. 
Milk'y.............  SO 

Vinegar   28 

Blood 25 

Oil  of  Bergamot 23 

Wines 20 

Oil  of  turpentine    ....  !♦ 

Mercury —  39 

Liquid  ammonia     . .  — ^  46 
Ether —  46 


be  cooled 
under  the 
freezing 
point. 


V7ater  may  S.  Though  the  freezing  point  of  water  be  32°,  yet  it  may 
be  cooled  down  in  favourable  circumstances  considerably 
below  that  temperature,  before  it  begins  to  shoot  into  crys- 
tals. Experiments* were  made  on  this  subject  by  Mairan 
and  Fahrenheit ;  but  it  is  to  Sir  Charles  Blagden  that  we 
are  indebted  for  the  fullest  investigation  of  it.  He  sue* 
ceeded  in  cooling  water  down  to  22°  before  it  froze,  by  ex- 
posing it  slowly  to  the  action  of  freezing  mixtures.  The 
experiment  succeeds  best  when  the  water  tried  is  freed  from 
air.  It  ought  also  to  be  transparent ;  for  opaque  bodies 
floating  in  it  cause  it  to  shoot  into  crj'stals  when  only  a  few 
degrees  below  the  freezing  point.  When  a  piece  of  ice  is 
thrown  into  water  thus  cooled,  it  causes  it  instantly  to  shoot 


*  Bleached  wax,  155^.    Nicholson. 
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out  into  crystals.  The  same  effect  is  produced  by  throwing  Chap.  II. 
the  liquid  into  a  tremulous  motion;  but  not  by  stirring  iu  ^-^v*-^ 
It  freezes  also  when  cooled  down  too  suddenly.* 

4.  When  salts  are  dissolved  in  water,  it  is  well  known  Freez'mgof 
that  its  freezing  point  is  in  most  cases  lowered.  Thus  sea-  ^^^  ^^' 
water  does  not  freeze  sq  readily  as  pure  water.  The  expe- 
riments of  Sir  Charles  Blagden  have  given  us  the  point  at 
which  a  considerable  number  of  these  solutions  congeal. 
The  result  of  his  trials  may  be  seen  in  the  following  table. 
The  first  column  contains  tlie  names  of  the  salts ;  the  second 
the  quantity  pf  salt,  by  weight,  dissolved  in  100  parts  of 
water;  and  the  third,  the  freezing  point  of  the  solution.f 

Names  pf  Salts.  Proportion.  Freezing  point. 

G>mmon  salt.  . . .  # *25  4 

Sal  ammoniac 20  8 

Rochell^  salt 50  21 

Sulphate  of  magnesia  ....  41*6  25*5 

Nitre 12-5  26 

Suljphate  of  iron 41*6  28 

Sulphate  of  zinc 53*3  28*  6 

From  this  table  it  appears  that  common  salt  is  by  far  the 
most  efficacious  in  lowering  the  freezing  point  of  water.  A 
solution  of  25  parts  of  salt  in  100  of  water  freezes  at  4^. 
These  solutions,  like  pure  water,  may  be  cooled  down  con- 
siderably below  their  freezing  point  without  congealing; 
and  in  that  case  the  congelation  is  produced  by  means  of 
ice  just  as  in  common  water,  though  more  slowly. 

When  the  proportion  of  the  same  salt  held  in  solution  by 
water  is  varied,  it  follows  from  Sir  Charles  Blagden's  expe- 
riments, that  the  freezing  point  is  always  proportional  to  tlie 
quantity  of  the  salt  For  instance,  if  the  addition  of  T^th 
of  salt  to  water  lowers  its  freezing  point  10  degrees,  the 
addition  of  i^^ths  will  lower  it  20®.  Hence^  knowing  from 
the  jgreceding  table  the  effect  produced  by  a  given  propor- 
tion of  a  salt,  it  is  easy  to  calculate  what  the  e£fect  of  any 
other  proportion  will  be.  The  following  table  exhibits  the 
freezing  points  of  solutions  of  different  quantities  of  cou^ 

•  Blagden,  Phil.  Trans.  1788,  p.  1S& 
t  See  Phil.  Trans.  1788,  p.  1^77. 
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Book  I.    mon  salt  in  100  paits  oPwater,  as  ascertained  by  Blagden's 
^|][^^'  trials,  and  the  same  points  calculated  on  the  supposition 
that  the  e£kct  is  as  the  proportipn  of  salu 


mtity  of  salt 
100  of  water. 

8-12 i 

Freezing  point 
by  expenments. 

9ft  4- 

Do.  bycalcu' 
lation. 

28*5 

4.16 i 

27*5    

27*3 

6*25 

25-5    

25 

10*00 

21-5    

20'75 

12"80 , 

18*5    

17*0 

16*1    < 

13*5    

14 

go      , 

.     9'5    

9-8 

22*2 

,     7*2    

.....     7 

25       

4*      

4 

Of  strong  5.  The  Strong  acids,  namely,  sulphuric  and  nitric,  which 
^'^  are  in  reality  compounds  containing  various  proportions  of 
water  according  to  their  strength,  have  been  shown  by  Mr. 
Cavendish,  from  the  experiments  of  Mr.  Macnab,  to  vary 
in  a  remarkable  manner  in  dieir  point  of  congelation  ac- 
cording to  circumstances.  The  following  are  the  most 
important  points  respecting  the  freezing  of  these  bodies 
that  have  been  ascertained. 

When  these  adds  diluted  with  water  are  exposed  to  cold, 
the  weakest  part  freezes,  while  a  stronger  portion  remains 
liquid;  so  that  by  the  action  of  cold  they  are  separated  into 
two  portions  differing  very  much  in  strength.  This  has 
been  termed  by  Mr.  Cavendish  the  aqueous  congelation  of 
these  bodies. 

When  they  are  very  much  diluted,  the  whole  mixture, 
when  exposed  to  cold,  undergoes  the  aqueous  congelation ; 
and  in  that  case,  it  appears  from  BIagden*s  experiments, 
that  the  freezing  point  of  water  is  lowered  by  mixing  it  with 
acid  rather  in  a  greater  ratio  than  the  increase  of  tibe  add. 
The  following  table  exhibits  the  freeadng  point  of  mixtures 
of  various  weights  of  sulphuric  acid,  pf  the  density  1*8S7 
(temperature  62^},  and  of  nitric  acid  of  the  densi^  1*454» 
with  100  parts  of  water. 
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8ULPHUKIC  ACID.  *       MITRIC  ACID.  Chap.  II. 

I^roportioa  Freezing  Proportioii  Freesing 

of  acid.  point.  of  add.  point. 

10    24-5   10       22 

20   12-5    20       10-5 

25   7-5   23-4   7* 

The  concentrated  adds  themselves  undergo  congelation 
when  exposed  to  a  sufficient  degree  of  cold ;  but  each  of 
them  has  a  particular  strength  at  which  it  congeals  most 
readily.  When  either  stronger  or  weaker,  the  cold  must 
be  increased.  The  following  table,  calculated  by  Mr. 
Cavendish  from  Mr.  MacnaVs  experiments,  exhibits  the 
freezing  points  of  nitric  acid  of  various  d^ees  of  strength.t 


Strength. 

Freesing  point. 

Difiereno^ 

568    ... 

-45-5   .... 

....   +1S-4 

oS8    « • • 1 

—301    .... 

....  +12 

508    ... 

• 

—18a    .... 

....  +  8-7 

478   ... 

-  9-4    .... 

....   +  5'S 

448    ... 

-  4-1    .... 

....  +  1-7 

418    «.. 

—  2-4    

....  -  1-8 

888    ... 

-  4-2    .... 

....  -  6'6 

35S   ... 

-  9-7    .... 

....   -  8 

S28    ... 

-17-7    .... 

....   -10 

298    ... 

-27-7   .... 

The  following  table  exhibits  the  freezing  points  of  sulphuric 
acid  of  various  strengths,  j: 

Strength.  Freesing  point 

977 +   1 

918 —26 

846 +42 

758 -45 

Mr.  K^  had  previously  ascertained  that  sulphuric  acid 
of  the  specific  gravity  1*780  (at  60^)  fi-eezes  most  easily^ 
requiring  only  the  temperature  of  46^.  This  agrees  nearly 
wiUi  the  preceding  experiments,  as  Mr.  Cavendish  informs 

•  Phil.  Trans.  1788,  p.  308. 

t  The  strength  is  indicated  hj  the  qosntitj  of  marble  ntctwary  to 
saturate  1000  parU  of  th^  acid.    PhiL  Trans.  178^  p.  174. 
t  Ibid.  p.  181. 
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B»ok  I.    118  that  sulpbaric  acid  of  that  specific  gravity  ii  of  the 
DiviMon  I.  gtrgng^h  343^  prom  ^he  preceding  table  we  see,  that  besides 

this  strength  of  easiest  freezing,  sulphuric  acid  has  another 
point  of  contrary  flexure  at  a  superior  strength;  beyond 
this,  if  the  strength  be  increased,  the  cold  necessary  to  pro* 
duce  congelation  begins  again  to  diminish. 
Dr.Bladi't  9.  Before  Dr*  Black  began  to  deliver  his  chemical  lee* 
opinion,  (i^res  in  QIasgow  in  1757,  it  was  universally  supposed  that 
solids  were  converted  into  liquids  by  a  small  addition  of 
heat  after  they  have  been  once  raised  ta  the  melting  point, 
and  that  they  returped  ag^n  to  the  solid  state  on  a  very 
small  diminution  of  the  quantity  of  heat  necessary  to  keep 
tb^  at  that  temperature.  An  attentive  view  of  the  pheno- 
mena of  liquefaction  and  solidification  gradually  led  thitf 
sagacious  philosopher  to  observe  their  inconsistence  with 
the  then  received  opinions,  and  to  form  another,  which  he 
verified  by  direct  experiments;  and  drew  up  an  account  of 
his  theory,  and  the  proofs  of  it,  which  was  read  to  a  literary^ 
society  in  Glasgow  on  April  23,  1762;*  and  every  year 
after  he  gave  a  detailed  account  of  the  whole  doctrine  in  his 
lectures. 
Thatfluidi-  The  opinion  which  he  formed  was,  that  when  a  solid 
^"ed^*  body  is  converted  into  a  liquid,  a  much  greater  quantity  of 
latent  heaf,  heat  enters  into  it  than  is  perceptible  immediately  after  by 
the  thermometer.  This  great  quantity  of  heat  does  not 
make  the  body  apparently  warmer,  but  it  must  be  throwi^ 
into  it  in  order  to  convert  it  into  a  liquid;  and  this  great 
addition  of  heat  is  the  principal  and  most  immediate  cause 
of  the  fluidity  induced.  On  the  other  hand,  when  a  liquid 
body  assumes  the  form  of  a  solid,  a  very  great  quantity  of 
h^t  leaves  it  without  sensibly  diminishing  its  temperature; 
and  the  state  of  solidity  cannot  be  induced  without  the 
abstraction  of  this  great  quantity  of  he$tL  Or,  in  othei^ 
words,  whenever  a  solid  is  converted  into  a  fluid,  it  combines 
with  a  certain  dose  of  caloric  without  any  augmentadon  of 
its  temperature ;  and  it  is  this  dose  of  caloric  which  occasions 
the  change  of  the  solid  into  a  fluid.  When  the  fluid  is 
converted  again  into  a  solid,  the  dose  of  caloric  leaves  it 
without  any  diminution  of  its  temperature ;  and  it  is  thb 
abstraction  which  occasions  the  chan^.     Thus  the  combi* 

*  Black's  Lectures^  preface,  p.  38. 
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ikation  of  a  certain  dose  of  ca]gvlc  with  ice  causes  it  to  Chap,  il.^ 
heocme  water,  and  the  abstraction  of  a  certain  dose  of 
caloric  from  water  causes  it  to  become  ice.  Water,  then,  is 
a  compound  of  ice  and  caloric ;  and  in  general^  all  fluids 
are  combinations  of  the  solid  to  which  they  may  be  con-» 
verted  by  cold  and  a  certain  dose  of  caloric 

Such  is  the  opinion  concerning  the  cause  of  fluidity, 
taught  by  Dr.  Black  as  early  as  1762.  Its  truth  was  esta- 
blished by  the  following  experiments : 

First  If  a  lump  of  ice,  at  the  temperature  of  22%  be  Proved  hr 
brought  iito  a  warm  room,  in  a  very  short  time  it  is  heated  «?«"««"*■ 
to  32%  the  freezing  point.  It  then  begins  to  melt ;  but  the 
process  goes  on  very  slowly,  and  several  hours  elapse  before 
the  whole  ice  is  melted.  During  the  whole  of  that  time  its 
temperature  continues  at  32^;  yet  as  it  is  constantly  sur- 
rounded by  warm  air,  we  have  reason  to  believe  that  caloric 
is  constantly  entering  into  it.  •  Now  as  none  of  this  caloric 
is  indicated  by  the  thermometer,  what  becomes  of  it,  unless 
it  has  combined  with  that  portion  of  the  ice  which  is  con- 
verted into  water,  and  unless  it  is  the  cause  of  the  melting  oS 
the  ice? 

Dr.  Black  took  two  thin  globular  glasses  four  inches  in 
diameter,  and  very  nearly  of  the  same  weight.  Both  were 
filled  with  water;  the  contents  of  the  one  were  frozen  into 
a  solid  mass  of  ice,  the  contents  of  the  other  wfere  cooled 
down  to  33^;  the  two  glasses  were  then  suspended  in  a 
large  room  at  a  distance  from  all  other  bodies,  the  tempera^- 
ture  of  the  air  being  47%  In  half  an  hour  the  thermometer 
placed  in  the  water  glass  rose  from  33°  to  40%  or  seven 
degrees:  the  ice  was  at  first  four  or  five  degrees  colder  than 
melting  snow;  but  in  a  few  minutes  the  thermometer 
applied  to  it  stood  at  32%  The  instant  of  time  when  it 
reached  that  temperature  was  noted,  and  the  whole  left 
imdisturbed  for  ten  hours  and  a  half.  At  the  end  of  that 
time  the  whole  ice  was  melted,  except  a  very  small  spongy 
mass,  which  floated  at  the  top  and  disappeared  in  a  few 
minutes.     The  temperature  of  the  ice- water  was  40% 

Thus  10-^  hours  were  necessary  to  melt  the  ice  and  raise 
the  product  to  the  temperature  of  40°.    During  all  this 
time  it  must  have  been  receiving  heat  with  the  same  celerity  ^ 
as  the  water  glass  received  it  during  the  first  half-hour. 
The  whole  quantity  received  then  was  21  times  7}  or  147°  i 
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Book  I.    but  its  tonperature  was  only  40^:  therefore  189  or  140 
DiYision  L  j^gf^^  im^  1)^011  absorbed  by  the  meltuigice,  and  remained 

concealed  in  the  water  into  which  it  had  been  converted,  its 
presence  not  being  indicated  by  the  thermometer.* 

That  heat  is  actually  entering  into  the  ice,  is  easily  ascer- 
tained by  placing  the  hand  or  a  thermometer  under  the 
vessel  containing  it«  A  current  of  cold  air  may  be  perceived 
descending  fix>m  it  during  the  whole  time  of  the  process.    * 

But  it  will  be  said,  perhaps,  that  the  heat  which  enters 
into  the  ice  does  not  remain  there^  but  is  altogether  de- 
stroyed. This  opinion  is  refuted  by  the  following  expe- 
riment. 

Second.  I^  when  the  thermometer  is  at  22%  we  expose  a 
vessel  full  of  water  at  52^  to  the  open  air,  and  beside  it 
another  vessel  full  of  brine  at  the  same  temperature,  with 
diermometers  in  each ;  we  shall  find  that  both  of  them  gra* 
dually  lose  caloric,  and  are  cooled  down  to  S2%  Afier  this 
the  brine  (which  does  not  freeze  till  cooled  down  to  4^) 
continues  to  tool  without  interruption,  and  gradually 
reaches  22%  the  temperature  of  the  air ;  but  the  pure  water 
remains  stationary  at  88%  It  freezes  indeed,  but  very 
slowly;  and  during  the  whole  process  its  temperature  is  82^« 
Now,  why  should  the  one  liquid  refuse  all  of  a  sudden  to 
give  out  caloric,  and  not  the  other  ?  Is  it  not  much  more 
probable  that  the  water,  as  it  freezes,  gradually  gives  oat 
the  heat  which  it  had  absorbed  during  its  liquefaction ;  and 
that  this  evolution  maintains  the  temperature  of  the  water 
at  82%  notwithstanding  what  it  parts  with  to  the  air  during 
the  whole  process?  We  may  easily  satisfy  ourselves  that 
the  water  while  congealing  is  constantly  imparting  heat  to 
the  surrounding  air ;  for  a  delicate  thermometer  suspended 
above  it  is  constantly  affected  by  an  ascending  stream  of 
air  less  cold  than  the  air  around.t  The  following  expm« 
ment,  first  made  by  Fahrenheit,  and  afterwards  oAai 
repeated  by  Dr.  Black  and  others,  affords  a  palpable  cvi* 
dence,  that  such  an  evolution  of  caloric  actually  takes  fiBcm 
during  congelation. 

Third.  If  when  the  air  is  at  22%  we  expose  to  it  a  qnan* 
tity  of  water  in  a  tall  beer  glass,  with  a  thermometer  in  it 
and  covered,  the  water  gradually  cools  down  to  22^  without 

•  Plack's  Lcctan^  i.  ISO.  f  Ibid.  i.  IST. 


freezk^.  It  is  therefore  10^  below  the  freezing  point*  Cha|».il. 
Things  being  in  this  situation,  if  the  water  be  shaken,  part 
of  it  instantly  freezes  into  a  spongy  mass,  and  the  tem])era- 
ture  of  the  whole  instantly  rises  to  the  freezing  point;  so 
that  the  water  has  acquired  ten  degrees  of  caloric  in  an 
instant.  Now,  whence  came  these  ten  degrees?  Is  it  not 
evident  that  they  mast  hare  come  from  diat  part  of  the 
water  which  was  frosen,  and  consequently  that  water  in  the 
act  of  freezing  gives  out  caloric  ? 

From  a  good  many  experiments  which  I  have  made  on 
water  in  these  circumstances,  I  have  found  reason  to  con- 
clude^ that  the  quantity  of  ice  which  forms  suddenly  on  the 
agitation  of  water,  cooled  down  below  the  freezing  point, 
bears  always  a  constant  ratio  to  the  coldness  of  the  liquid 
before  agitation.  '  Thus  I  find  that  when  water  is  cooled 
down  to  22^,  very  nearly  -^  of  the  whole  freezes ;  *  when 
the  previous  temperature  is  27^,  about  -^  of  the  vrhcie 
freezes.  I  have  not  been  able  to  make  satisfactory  experi- 
ments in  temperatures  lower  than  22^ ;  but  from  analogy  I 
conclude,  that  for  every  five  degrees  of  diminution  of  tem- 
perature below  the  freezing  point,  vnthout  congelation,  -^  of 
the  liquid  freezes  suddenly  on  agitation.  Therefore,  if 
water  could  be  cooled  down  28  times  five  degrees  below 
32^  without  congelation,  the  whole  would  congeal  instanta^ 
neously  on  agitation,  and  the  temperature  of  the  ice  would 
be  32^.  Now  it  deserves  attention,  that  5  x  28  s  140» 
gives  us  precisely  the  quantity  of  heat  which,  accordtng*to 
I)r.  Black's  experiments,  enters  into  ice  in  order  to  cpnvert 
it  into  water.  Hence  it  follows,  that  in  all  cases  when 
water  is  cooled  down  below  32^,  it  loses  a  portion  of  the 
caloric  which  is  necessary  to  constitute  its  liquidity.  The 
instant  that  such  water  is  agitated,  one  portion  of  the  liquid 
seizes  upon  the  quantity  of  caloric  in  which  it  is  deficient  at 
the  expense  of  another  portion,  which  of  course  becomes 
ice.  Thus  when  water  is  cooled  down  to  22%  every  particle 
of  it  wants  10^  of  the  calorie  necessary  to  keep  it  in  a  state 
of  liquidity.  Thirteen  parts  of  it  seize  ten  degrees  each 
firom  the  fourteenth  part.  These  thirteen  of  course  acquire 
the  tempwature  of  32^ ;  and  the  other  part  being  deprived 
of  10  X  IS  =  130,  which  with  the  ten  d^ees  ^at  it  had 

*  A  medUuD  of  several  ei:|)eriments. 
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Bbofc  I.    lost  before  constitute  140%    or  the  whole  of  the  caloric 
Division  I.  necessaxy  to  keep  it  fluid,  assumes  of  consequence  the  form 
of  ice. 

Fourth.  If  these  experiments  should  not  be  considered  as 
sufficient  to  warrant  Dr.  Black's  conclusion,  the  following^ 
for  which  we  are  indebted  to  the  same  philosopher,  puts  the 
truth  of  his  opinion  beyond  the  reach  of  dispute.  He 
mixed  together  given  weights  of  ice  at  32^  and  water  at 
190^  of  temperature.  The  ice  was  melted  in  a  few  seconds, 
and  the  temperature  produced  was  53^.  The  weight  of  the 
ice  was  119  half-drams ; 

That  of  the  hot  water 185 

of  the  mixture. ^4 

of  the  glass  vessel 16 

Sixteen  parts  of  glass  have  the  same  effect  in  hating  cold 
bodies  as  eight  parts  of  equally  hot  water.  Therefore^ 
instead  of  the  16  halMrams  of  glass,  eight  of  water  may  be 
substituted,  which  makes  the  hot  water  amount  to  143  half- 
drams. 

In  this  experiment  there  were  158  degrees  of  heat  con- 
tained in  the  hot  water  to  be  divided  between  tlie  ice  and 
water.  Had  they  been  divided  equally,  and  had  the  whole 
been  afterwards  sensible  to  the  thermometer,  the  water 
would  have  retained  4-g-}  parts  of  this  heat,  and  the  ice 
would  have  received  4^  parts.  That  is  to  say,  the  water 
would  have  retained  86%  and  the  ice  would  have  received 
72^ :  and  the  temperature  after  mixture  would  have  been 
104%  But  the  temperature  by  experiment  is  found  to  be 
only  53^;  the  hot  water  lost  137%  and  the  ice  only  received 
an  addition  of  temperature  equal  to  21%  But  the  loss  of 
18^  of  temperature  in  the  water  is  equivalent  to  the  gain  of 
21°  in  the  ice.  Therefore  158''  -  18°  =  140°  of  heat 
have  disappeared  altogether  from  the  hot  water.  These 
140°  must  have  entered  into  the  ice,  and  converted  it  into 
water  without  raising  its  temperature.* 

In  the  same  manner,  if  we  take  any  quantity  of  ice,  or 
(which  is  the  same  thing)  snow  at  32%  and  mix  it  with  aa 
equal  weight  of  water  at  172%  the  snow  instantly  melts,  and 
the  temperature  of  the  mixture  is  only  32°.  Here  the 
vater  is  cooled  140%  while  the  temperature  of  the  snow  ia 

^  Blab's  l^ectiires,  i.  133. 
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not  increased  at  all;  so  that  140^  of  caloric  have  disap-  Chap. il 
peared.     They  must  have  combined  with  the  snow;   but  ^""V'"*^' 
they  have  only  melted  it  without  increasing  its  temperature. 
Hence  it  follows  irresistibly,  that  ice,  when  it  is  converted 
into  water,  absorbs  and  combines  with  caloric. 

It  i&f  rather  difficult  to  ascertain  the  precise  number  of 
degrees  of  heat  that  disappear  during  the  melting  of  ice. 
Hence  different  statements  have  been  given.  Mr.  Caven- 
dish, who  informs  us  that  he  discovered  the  fact  before  he 
was  aware  that  it  was  taught  by  Dr.  Black,  states  them  at 
150'';  Wilkeat  130°*;  Black  at  140°;  and  Lavoisier  and 
Laplace,  at  135°.  The  mean  of  the  whole  is  very  nearly 
140°. 

Water,  then,  after  being  cooled  down  to  32^,  cannot  Utent  heat 
freeze  till  it  has  parted  with  140*  of  caloric:  and  ice,  after  ^^^^* 
being  heated  to  32°,  cannot  melt  till  it  has  absorbed  140°  of 
caloric  This  is  the  cause  of  the  extreme  slowness  of  these 
operations.  With  regard  to  water,  then,  there  can  be  no 
doubt  that  it  owes  its  fluidity  to  the  caloric  which  it  con- 
tains, and  that  the  caloric  necessary  to  give  fluidity  to  ice  i& 
equal  to  140°. 

To  the  quantity  of  caloric  which  thus  occasions  the  flu- 
idity of  solid  bodies  by  combining  with  them.  Dr.  Black 
gave  the  name  of  latent  heat^  because  its  presence  is  not  in- 
dicated by  the  thermometer :  a  term  sufficiently  expressive, 
but  other  philosophers  have  rather  chosen  to  call  it  caloric 
of  fluidity. 

Dr.  Black  and  his  ft'iends  ascertained  also,  by  experi- 
ment, that  the  fluidity  of  melted  wax,  tallow,  spermaceti, 
metals,  is  owing  to  the  same  cause.  Landriani  proved 
that  this  is  the  case  with  sulphur,  alum,  nitre,  and  several 
of  the  metals  ;f  and  it  has  been  found  to  be  the  case  with 
every  substance  hitherto  examined.  We  may  consider  it 
theref(H*e  as  a  general  law,  that  whenever  a  solid  is  con- 
verted into  a  fluid,  it  combines  with  caloric,  and  that  this  is 
the  cause  of  its  fluidity. 

7.  ^Fhe  only  experiments  to  determine  the  latent  heat  Latent  heat 
of  other  bodies  besides  water,  that  have  been  hitherto  Jl*^***'*^ 
published,  are  those  of  Dr.  Irvine  %  and  his  son  Mr.  Wil- 

*  Phil.  Trans.  1783,  p.  313.  t  Jo«r.  de  Phys.  xxv. 

}  Black's  Lectures,  i.  187. 
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Book  I.    liam  Irvine.*    The  following  table  exhibits  the  resiilt  of 
^J][j**^-  their  trials. 

-  ..  1 ..    ^  v  «.  ^«  reduced  to  the 

B«l»"-  ^^^^  ^^'  specific  heat  of  water. 

^  Sulphur 14S-68 27-14 

Spermaceti 145 

Lead 162  56 

Beeswax 175 

Zinc 493  48*3 

Tin 500  83 

Bismuth 550  23*25 

The  latent  heat  of  spermaceti,  wax,  and  tin,  were  deter* 

mined  by   Dr.  Irvine,  that  of  the  rest  by  his  son.     The 

latent  heat  in  the  second  column  expresses  the  degrees  by 

which  it  would  have  increased  tlie  temperature  of  each  of 

the  bodies  respectively  when  solid,  except  in  the  case  of 

spermaceti  and  wax ;  in  them  it  expresses  the  increase   of 

temperature  which  would  have  been  produced  upon  them 

while  fluid. 

Softness         8.  Dr.  Black  has  rendered  it  exceedingly  probable  also, 

^owi'ne  to  ^^  rather  he  has  proved  by  his  experiments  and  observa- 

thesame     tions,  that  the  softness  of  such  bodies  as  are  rendered 

*^^^'         plastic    by  heat  depends  upon   a  quantity  of  latent  heat 

which  combines  with  them.     Metals  also  owe  their  malea- 

bility  and  ductility  to  the  same  cause.     Hence  the  reason 

that  they  become  hot  and  brittle  when  hammered. 

II.  Thus  it  appears,  that  the  conversion  of  solids  into 
liquids  is  occasioned  by  the  combination  of  a  dose  of  caloric 
with  the  solid.  But  there  is  another  change  of  state  still 
more  remarkable,  to  which  bodies  are  liable  when  exposed 
to  the  action  of  heat  Almost  all  liquids,  when  raised  to  s 
certain  temperature,  gradually  assume  the  form  of  an  elastic 
fluid,  invisible  like  air,  and  possessed  of  the  same  mecha* 
nical  properties.  Thus  water,  by  boiling,  is  converted  into 
steam,  an  invisible  fluid,  1800  times  more  bulky  than  water, 
and  as  elastic  as  air.  These  fluids  retain  their  elastic  form 
as  long  as  their  temperature  remains  sufficiently  high ;  but 
when  cooled  down  again,  they  lose  that  form,  and  are  con- 
verted into  liquids.      All  liquids,  and  even  a    consider- 

*  N  icholson'tj  Jour.  ix.  45. 
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able  vfimberofsoHdsiare  Curable  of  imdergoing  this  di^      Glii|>.lL 
when  sufficiently  heated.  ^^■"v"^ 

2.  With  respect  to  the  temperatures  at  which  liquids  Spme  bo- 
undergo  this  change,  they  may  be  all  arranged  under  two  ^^oqx  it 
divisions.  There  are  some  liquids  which  are  gradually  •1»*«*»P*- 
converted  into  elastic  fluids  at  every  temperature;  while othoTiiou 
others  again  never  b^n  to  assume  that  change  till  their 
temperature  reaches  a  certain  point  Water  is  a  well 
known  example  of  the  first  class  of  bodies.  If  aa  open 
vessel,  filled  with  water,  be  carefully  examined,  we  find 
that  the  water  diminishes  in  bulk  day  after  day,  and  at  last 
disappears  altogether.  If  the  experiment  be  made  in  a 
vessel  sufficiency  large,  and  previously  exhausted  of  air,  we 
shall  find  that  the  water  will  fill  the  vessel  in  the  state  of 
invisible  vapour,  in  whatever  temperature  it  be  placed: 
alcohol  likewise,  and  ether  and  volatile  oil^  gradually 
assume  the  form  of  an  elastic  fluid  in  all  temperatures.  But 
sulphuric  acid  and  the  fixed  oils  never  begin  to  assume  the 
form  of  vapour  till  they  are  raised  to  a  certain  temperature. 
Though  left  in  open  vessels  they  lose  no  perceptible  weight; 
neither  does  sulphuric  acid  lose  any  weight  though  kept 
ever  so  long  in  the  temperature  of  boiling  water.  When 
liquids  gradually  assume  the  form  of  elastic  fluids  in  all  tem- 
peratures, they  are  said  to  evaporate  spontaneously.  The 
second  class  of  liquids  want  that  proper^  altogether. 

S.  When  all  other  circumstances  are  the  same,  the  eva-  ^l^ 
poration  of  liquids  increases  with  their  temperature;  and  ^ 
after  they  are  heated  to  a  certain  temperature,  they  assume 
the  form  of  elastic  fluids  with  great  rapidity.  If  the  heat, 
be  applied  to  the  bottom  of  the  vessel  containing  the  liquids, 
as  is  usually  the  case,  after  the  whole  liquid  has  acquired 
this  temperature,  those  particles  of  it  which  are  next  the 
bottom  become  an  elastic  fluid  first :  they  rise  up,  as  they 
are  formed,  through  the  liquid,  like  air-bubbles,  and  throw 
the  whole  into  violent  agitation.  The  liquid  is  then  said  to 
boil.  Every  particular  liquid  has  a  fixed  point  at  which  this 
boiling  commences  (other  things  being  the  same);  and 
this  is  called  the  boiling  point  of  the  liquid.  Thus  water 
begins  to  boil  when  heated  to  212^.  It  is  remarkable, 
that  after  a  liquid  has  begun  to  boil,  it  never  becomes 
any  hotter,  however  strong  the  fire  be  to  which  it  is  ex- 
posed.    A  strong  heat  indeed  makes  it  boil  more  rapidly, 
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Bpok  I.    but  does  not  increase  its  temperature.    This  was  firftt  ob* 
^J3|»»^^  served  by  Dr.  Hooke. 

Boiiing^      4.  The  following  table  contains  the  boiling  point  of  a 
foints.  J     number  of  liquids. 

Bodies.  ^?!°«         Bodies.  *   "^'"f 

point.  point. 

Sulphuric  ether 96^     Muriate  of  lime 264f 

Sulphuret  of  carbon.  •  •  116  Sulphuric    acid     (sp. 

Ammonia. 140*        gr.  1*849) 605* 

Alcohol 178       Phosphorus 5.54 

Water  912       Sulphur 570 

Nitric  acid  of  1*54..  ••  175*     Linseed  oil 600 

Nitric  acid  (sp.  gr.  1  '42}  248       Mercury 656 

Carbonate  of  potash  .  •  260t  | 

^arywith       5.  Jt  was  observed,  when  treating  of  the  melting  point 
ture.         of  solids,  that  it  is  capable  of  being  varied  considerably  by 
altering  the  situation  of  the  body.    Thus  water  may  be 
cooled  down  considerably  lower  than  32^  without  freezing. 
The  boiling  point  is  still  less  fixed,  depending  entirely  on 
the  degree  of  pressure  to  which  the  liquid  to  be  boiled  is 
exposed.     If  we  diminish  the  pressure,  the  liquid  boils  at  a 
lower  temperature ;  if  we  increase  it,  a  higher  temperature 
is  necessary  to  produce  ebullition.    From  the  experiments 
of  Professor  Robison,  it  appears  that,  in  a  vacuum,  all 
liquids  boil  about  124^  lower  than  in  the  open  air,  under  a 
pressure  of  30  inches  of  mercury ;  therefore  water  would 
boil  in  vacuo  at  88^  and  alcohol  at  49^.     In  a  Papin's  di- 
gester, the  temperature  of  water  may  be  raised  to  300®,  or 
even  400%  without  ebullition :  but  the  instant  that  this  great 
pressure  is  removed,  the  boiling  commences  with  prodigious, 
violence. 
Elasticity  of     6f  •  The  elasticity  of  all  the  elastic  fluids  into  which  liquids 
^'J^ora  in-  are  converted  by  heat,  increases  with  the  temperature ;  and 
with  the     the  vapour  formed,  when  the  liquid  boils  in  the  open  air, 
^P"*"     possesses  an  elasticity  just  equal  to  that  of  air,  or  capable  at 
a  medium  of  balancing  a  column  of  mercury  30  inches  high. 
The  following  very  important  table,  drawn  up  by  Mr.  Dal- 
ton  $  from  his  own  experiments,  exhibits  the  elasticity  of 
steam  or  the  vapour  of  water  of  every  temperature,  from 

•  DaltoD. 

t  When  so  much  conceatrated  as  to  become  nearly  solid,  280o. 

t  B;r  my  trials.  §  Maivchestcr  Memoirs^  v.  369, 
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—40®  to  825^    The  elasticities  of  all    the  temperatures  Chip,  tl.^ 
from  32®  to  212®  were  ascertained  by  experiment;  the  rest 
were  caictillited  by  observing  the  rate  at  which  the  elas- 
ticity increased  or  diminished  according  to  the  tempera- 
ture. 
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7.  Mr.  Dalton  has  shown,  that  if  we  consider  the  ex-  ElastidtyoC 
pansion  oF  mercury  as  according  to  the  square  of  the  tern-  poon. 
perature,  then  the  force  of  vapour  increases  in  a  geome* 
trical  progression,  by  equal  increments  of  temperature, 
reckoning  these  increments  upon  his  new  thermometric 
scale.  The  ratio  of  the  progression  he  finds  to  be  1-321. 
In  like  manner  the  force  of  the  vapour  of  ether  increases 
in  a  geometrical  progression,  the  ratio  of  which  is  1-2278. 
But  the  increase  of  the  force  of  the  vapour  of  alcohol,  of 
the  specific  gravity  0-87,  he  finds  to  be  irregular.  He  has 
drawn  as  a  conclusion  from  his  experiments,  that  the 
vapour  of  all  pure  liquids  increases  in  force  in  a  geometrical 
progression  to  the  temperature,  but  the  ratio  is  diiierent  in 
different  fluids.  The  vapour  of  alcohol  diflPers  from  this 
law,  because  it  is  in  reality  a  mixture  of  two  distinct  va* 
pours,  namely,  that  of  water,  and  that  of  alcohol. 

8.  The  specific  gravity  of  different  vapours  differs  ac- 
cording to  the  nature  of  the  liquid  from  which  they  pro- 
ceed. The  following  table  shows  the  boiling  points  of 
various  liquids,  and  the  specific  gravity  of  the  vapours 
which  they  form  as  fat  as  the  subject  has  been  hitherto  jn- 
vestigat^ 
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Specific  gravity, 
air  being  i. 


Boinog  poins. 


Water 0-63S5* «12^ 

S^drocjanic  vapour  . . .  0'9476*^ 79'7 

cohol 1-603* 178 

Muriatic  ether $*219t 52 

Sulphuric  ether %5S6* 96 

Sulphuret  of  carbon . . .  ?'6447*' 116 

Oil  of  turpentine 5'013* 314^ 

Hydnodic  ether  • 5*4749* 148 


Vapours  are      9.  Such  are  the  phenomena  of  the  converuon  of  tiquid» 
coinWncd    ^"^  clastxc  fluids.     Dr.  Black  applied  liis  theory  of  latent 
with  ca-      heat  tp  this  conversion  with  great  sagacity,  and  demon- 
"^'  strated  that  it  is  owing  to  the  very  same  cause  as  jthe  con- 

version of  solids  into  liquids;  namely,  to  the  combination 
of  a  certain  dose  of  caloric  witli  the  liquid  without  any  in- 
crease of  temperature.  The  truth  of  this  very  important 
point  was  estabUshed  by  the  following  experiments. 

First.  When  a  vessel  of  water  is  put  upon  the  fire,  the 
water  gradually  becomes  hotter  till  it  reaches  S212^;  after- 
wards its  temperature  is  not  increased.  Now  caloric  must 
be  constantly  entering  from  the  fire  and  combining  with  the 
water.  But  as  the  water  does  not  become  hotter,  the  ca- 
loric must  combine  witli  that  part  of  it  which  flies  off  in 
the  form  of  steam :  but  the  temperature  of  the  steam  is 
only  212°:  therefore  the  caloric  combined  with  it  does  not 
increase  its  temperature.  We  must  conclude,  then,  that 
the  change  of  water  to  steam  is  owing  to  the  combinadon 
of  this  caloric ;  for  it  produces  no  other  change. 

Dr.  Black  put  some  water  in  a  tin- plate  vessel  upon  a  red 
hot  iron.  TTie  water  was  of  the  temperature  50^ :  in  four 
minutes  it  began  to  boil,  and  in  20  minutes  it  was  all  boiled 
off.  During  the  first  four  minutes  it  had  received  162^,  or 
404-°  per  minute.  If  we  suppose  that  it  received  as  much 
per  minute  during  the  whole  process  of  boiling,  the  caloric 
which  entered  into  the  water  and  converted  it  into  steam 


*  Gay  Lussac,  Ann.  de  Chim.  xci.  p.  05,  150. — ^Ann.  de  Chim.  et 
Phys.  i.  318. 
f  llienard.  Mem.  D^Arcoeil,  i.  1£1. 
X  By  my  experiment. 


HEAT*  101 

would  amount  to  404  X  20  =  810^.*    This  caloric  is  not  Chtp.li. 
indicated  by  the  thermometer,  for  the  temperature  of  steam 
is  only  212^;  therefore  Dr.  Bh^^k  called  it  latent  heat. 

Second.  Water  may  be  heated  in  a  Papin's  digester  to 
400^  Without  boiling :  because  ^he  steam  is  forcibly  com- 
pressed, and  prevented  from  making  its  escape*  If  the 
mouth  of  the  vessel  be  suddenly  opened  while  things 
are  in  this  state,  part  of  the  water  rushes  out  in  the  form 
of  steam,  but  the  greater  pait  still  remdins  in  the  form  of 
water,  and  its  temperature  instantly  sinks  td  212^;  conse- 
quently  188^  of  caloric  have  suddenly  disappeared.  This 
caloric  must  have  been  carried  off  by  the  steam.  Now  as 
only  about  |.th  of  the  water  is  converted  into  steam,  that 
steam  must  contain  not  only  its  own  188%  but  also  the 
188^  lost  by  each  of  the  other  four  parts ;  that  is  to  say,  it 
must  contain  188^  x  5,  or  about  940%  Steam,  therefore^ 
is  water  combined  with  at  least  940^  of  caloric,  the  pre- 
sence of  which  is  not  indicated  by  the  thermometer.  This 
experiment  was  first  made  by  Dr.  Black,  and  afterwards, 
with  more  precision,  by  Mr.  Watt. 

Third.  When  hot  liquids  are  put  under  the  receiver  of 
an  air  pump,  and  the  air  is  suddenly  drawn  ofi^  the  liquids 
boil,  and  their  temperature  sinks  with  great  rapidity  a  con- 
siderable number  of  degrees.  Thus  water,  however  hot  at 
first,  is  very  soon  reduced  to  the  temperature  of  70° ;  and 
ether  becomes  suddenly  so  cold  that  it  freezes  water  placed 
round  the  vessel  which  contains  it.  In  these  cases  the 
vapour  undoubtedly  carries  off  the  heat  of  the  liquid ;  but 
the  temperature  of  the  vapour  is  never  greater  than  that  of 
the  liquid  itself:  the  heat  therefore  must  combine  with  the 
vapour,  and  become  lateht 

Fourth.  If  one  part  of  steam  at  212°  be  mixed  with  nine 
parts  by  weight  of  water  at  62°,  the  steam  instantly  as- 
sumes the  form  of  water,  and  the  temperature  after  mixture 
is  178*6°;  consequently  each  of  the  nine  parts  of  water  has 
received  116*6°  of  caloric;  consequently  the  steam  has  lost 
9  X  116*6°  =3  1049*4°  of  caloric.  But  as  the  temperature 
of  the  steam  is  diminished  by  33*3°,  we  must  subtract  this 
sum.  There  will  remain  rather  more  than  1000°,  which  is 
the  quantity  of  caloric  which  existed  in  the  steam  without 

•  Black's  Lectorte^  i.  157. 
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Book  I.  increasing  its  temperature.  This  experiment  cannot  be 
Pj***""  ^'j  made  directly ;  but  it  may  be  made  by  passing  a  given 
weight  of  steam  through  a  metallic  worm,  surrounded  by  a 
^ven  weight  of  water.  The  heat  acquired  by  the  water  in- 
dicates the  caloric  which  the  steam  gives  out  during  its  con- 
densation. Froi^^the  experiments  of  Mr.  Watt  made  in  this 
manner,  it  appears  that  the  latent  heat  of  steam  amounts 
to  940^.  The  experiments  of  Mr.  Lavoisier  make  it  rather 
more  than  1000^.  According  to  Rumford  it  amounts  to 
104*0'8^.  The  latent  heat  of  the  vapour  of  boiling  alcohol  ac^ 
cording  to  the  same  experimenter  is  between  ^77^  and  500®.* 
By  the  experiments  of  Dr.  Black  and  his  friends,  it  was 
ascertained,  that  not  only  water,  but  all  other  liquids  during 
their  conversion  into  vapour,  combine  with  a  dose  of  ca^ 
loric,  without  any  change  of  temperature;  and  that  every 
kind  of  elastic  fluid,  during  its  conversion  into  a  liquid, 
gives  out  a  portion  of  caloric  without  any  change  of  tem- 
perature. Dr.  Black's  law,  then,  is  very  general,  find 
comprehends  every  change  in  the  state  of  a  body.  The 
cause  of  the  conversion  of  a  solid  into  a  liquid  is  the  com- 
bination of  the  solid  with  caloric ;  that  of  the  conversion 
of  a  liquid  into  an  elastic  fluid  is  the  combination  of  the 
liquid  with  caloric.  Liquids  are  solids  combined  with  ca- 
loric ;  elastic  fluids  are  liquids  combined  with  caloric  This 
General  1^^^  in  its  most  general  form,  may  be  stated  as  follows : 
▼ered  by  whenever  a  body  changes  its  state,  it  either  combines  with 
Dr.  Black,   colortc  OT  separates  from  caloric. 

No  person  will  dispute  that  this  is  one  of  the  most  im- 
portant discoveries  hitherto  made  in  chemistry.  Science 
seems  indebted  for  it  entirely  to  the  sagacity  of  Dr.  Black. 
Other  philosophers  indeed  have  laid  claim  to  it ;  but  these 
claims  are  either  without  any  foundation,  or  their  notions 
may  be  traced  to  Dr.  Black's  lectures,  or  their  opinions 
originated  many  years  posterior  to  the  public  explanation  of 
Dr.  Black's  theory  in  the  chemical  chairs  of  Glasgow  and 
Edinburgh. 
^'•■»'  III.  A  very  considerable  number  of  bodies,  both  solids 

and  liquids,  maybe  converted  into  elastic  fluids  by  heat ; 
and  as  long  as  the  temperature  continues  sufiiciently  high, 
they  retain  all  the  mechanical  properties  of  gaseous  bodies. 

*  Gilbert's  Annaleo,  xIt.  913. 
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It  is  exceedingly  probable,  that  if  we  could  command  a  Chip.  Ii. 
heat  sufficiently  intense^  the  same  change  might  be  pro-  ^— v-^ 
duced  on  all  bodies  in  nature.     This  accordingly  is  the 
opinion  at  present  admitted  by  philosophers.     But  if  all  Suoposed 
bodies  are  convertible  into  elastic  fluids  by  heat,  it  is  ex-!?^^^*^^^^, 
ceedingly  probable,  that  all  elastic  fluids  in  their  turn  might  bined  with 
be  converted  into  solids  or  liquids,   if  we  could  expose  ^*^^* 
them  to  a  low  enough  temperature.     In  that  case;  all  the 
gases  must  be  supposed  to  owe  their  elasticity  to  a  certain 
dose  of  caloric :  they  must  be  considered  as  compounds  of 
caloric  with  a  solid  or  liquid  body,     lliis  opinion  was  first 
stated  by  Amontons ;  and  it  was  supported,  with  much  in- 
genuity, both  by  Dr.  Black  and  by  Lavoisier  and  his  asso- 
ciates.    It  is  at  present  the  prevailing  opinion ;  and  it  is  cer- 
tainly supported  not  only  by  analogy,  but  by  several  very 
striking  facts. 

1.  If  its  truth  be  admitted,  we  must  consider  all  the  Condensed 
gases    as  capable  of  losing  their  elasticity  by  depriving^"*  • 
them   of  their  heat:     they   difier  merely  from    the  va- 
pours in  'the  great  cold  which  is  necessary  to  produce 

this  change.     Now  the  fact  is,  that  several  of  the  gases    ^ 
may  be  condensed  into  liquids  by  lowering  their  tem- 
peratures.    Ammoniacal  gas  condenses  into  a  liquid  at 
—  ^S^.     None  of  the  other  gases  have  been  hitherto  con- 
densed. 

2.  It  is  well  known  that  the  condensation  of  vapours  is  And  pres- 
greatly  assisted  by  pressure ;  but  the  effect  of  pressure  di-  ""'•* 
minishes  as  the  temperature  of  vapours  increases.     It  is 

very  likely  that  pressure  would  also  contribute  to  assist  the 
condensation  of  gases.  It  has  been  tried  without  effect  in- 
deed in  several  of  them.  Thus  air  has  been  condensed  till 
it  was  heavier  than  water ;  yet  it  showed  no  disposition  to 
lose  its  elasticity.  But  this  may  be  ascribed  to  the  high 
temperature  at  which  the  experiment  was  made*  relative  to 
the  point  at  which  air  would  lose  its  elasticity. 

S.  At  the  same  time  it  cannot  be  denied,  that  there  are  Objection* 
several  phenomena  scarcely  reconcileable  to  this  constitu-j^j^j^^^P** 
tion  of  the  gases,  ingenious  and  plausible  as  it  is.     One  of 
the  most  striking  is  the  sudden  solidification  which  ensues 
when  certain  gases  are  mixed  together.     Thus  when  am- 
moniacal gas  and  muriatic  acid  gas  are  mixed,  the  product 
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Book  I.  is  ^  solid  salt :  yet  the  bea^  evolv^  i^  very  inconsiderable, 
P  ""^  J  it  we  coiqpare  it  with  the  difficulty  of  condensing  these 
gases  separately,  and  the  great  cold  which  they  endure  be* 
fore  losing  their  elasticity.  In  other  cases,  too^  gaseous 
bodies  unite,  and  form  a  new  gas,  which  retains  its  elas- 
ticity as  powerfully  as  ever.  Thps  oxygen  gas  and  nitrous 
gas  combined  form  ft  new  gas,  namely,  nitric  acid,  which 
is  permanent  tjU  it  corner  into  contact  with  some  body  on 
which  it  can  act. 

III.  Changes  in  Composition. 

Caloric  dc-  Caloric  not  only  increases  the  bulk  of  bodies,  and  changes 
bodinT^  their  state  from  solids  to  liquids  and  from  liquids  to  elastic 
fluids;  but  its  action  decomposes  a  great  number  of  bodies 
^^togcthei:,  either  into  their  elemec^ts,  or  it  causes  these 
.  elexaents  to  combine  in  a  different  manner.  Thus  M(hea 
ammonia  is  heated  tp  redness^  it  is  resolved  into  azotic  aad 
hyd^^n  gases.  Alcohol,  by  d^e  same  heat,  is  convert^ 
into,  carbureted  hydrogen  an4  ^ater. 

],•  This  decomposition  is  in,  many  cases  owing  to  the  dif- 
ference between  the  volatjility  of  the  ingredients  of  a  com- 
pound. Thus  when  weak  spirits,  or  a  combination  of  aI|CO- 
hoi  and  water,  are  heated,  the  alcohol  separates,  becai^  i% 
is  ipore  volatile  than  the  water. 

2.  In  general,  the  compounds  which  are  but  little  or  not 
at  aQ  affected  by  heat,  are  those  bodies  which  have  been 
fbriped  by  combustion.  Thus  water  is  not  decomposed  by 
any  heat  which  can  be  appli/ed  to  it;  neither  are  phosphoric 
or  carbonic  acids. 

3.  Almost  all  the  combinations  into  which  oxygen  enters 
^ijJiQut  having  occasioned  combustion,  are  decomposing 
by  heat  This  is  the  case  with  nitric  acid,  and  many  of 
the  metallic  oxides. 

4.  All  bodies  that  contain  combustibles  as  component 
parts  are  decomposed  by  heat  Perhaps  the  mietallic  alloys, 
arc  exceptions  to  this  rule ;  at  least  it  is  not  in  our  power  to 
apply  a  temperature  high  enough  to  produce  their  decom- 
position, except  in  a  few  cases. 

5.  When    two    combustible    ingredients   apd  likewise 
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oxygen  pcpur  leather  in  bodies,  they  are  always  v^ry  easily  cbtp.  IL 
decomposed  by  heat.    This  is  the  case  with  the  great^ 
number  of  animal  and  vegetable  substances. 

But  it  is  unnecessary  to  enlarge  any  farther  on  this  sub- 
ject, as  no  satisfhctory  theory  can  be  given.  The  decom- 
positions will  all  be  noticed  in  describing  the  different  com- 
pounds which  are  to  occupy  our  attention  in  the  subsequent 
part  of  this  work. 


Of  THE   QUANTITY   OF   QA^QRICiii^aDIES. 

Having,  in  the  second  sectioQ  ^f  thia  chapter,  shown 
that  caloric  19  capably  of  moving  through  all  bodies ;  and 
in  the  third,  that  it  gradually  diffuses  itself  through  all 
contiguous  bodies  in  such  a  maimer  that  they  assume  the 
same  temperature — the  next  point  of  discussion  which  pre-^ 
sented  itself  was  the  quantity  of  caloric  in  bodies.  Whoa 
dl!fl^eiit  N^es  have  the  same  temperature^  dMhey^^^oa^ 
taintbe  sam^  quantity  or^caloltip  in  Dodies.  When  differ* 
ent  bodies  have  the  same  temperature^  do  they  contain  tb^ 
same  quantity  of  caloric  ?  Is  the  saxne  quantity  necessarjf 
to  pr<;>4uce  the  same  change  of  teo^cature  in  aU  bodjusa? 
What  is  the  point  at  which  a  thermometer  would  «tand  if 
it  were  plunged  into  a  body  deprived  of  heat  altogether? 
or  wha;t  is  the  commencement  of  the  scale  of  temperature  ? 
But  these  qujsstions  could  not  be  eigunined  with  any  chance 
of  success  while  we  were  ignorant  of  the.  eiOfects  which  ca- 
loi:ic  produces  on  bodies ;  because  it  is  by  th/ese  effects  alone. 
that  the  quantity  of  caloric  in  bodi^  is^  measured.  Thi^ 
rendered  it  necess^iiy  for  us  to  ^mplpy  the  fourth  section  ift, 
the  examination  of  these  effect^.  Let  us  now  apply  the 
knowledge  which  we  have  acquired  to  the  investigation  of 
the  quantity  of  calpric  in  bodies.  This  investigation  nar* 
t^rally  divides  itself  into  three  parts :  U  The  relative 
quantities  of  caloric  in  bodies,  or  the  quantities  in  each 
necessary  to  produce  a  given  change  of  temperatiu-e.  This 
is  usually  tpi^ed  specific  qaloric  %  The  absolute  quantity 
of  caloric  which  ei^sts  in  bp^ips.    3-  The  phcyQCweiift«  aC 
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Book  I.    cold,  or  the  absence  of  caloric.    These  three  topics  shall 
DiTision  I.  Y^  examined  in  order. 


I.   OF  THE  SPECIFIC  CALORIC  OF  BODIES. 

Specified^  If  equal  weights  of  water  and  spermaceti  oil,  at  different 
iSlo^  S."  temperatures,  be  mixed  together  and  agitated,  it  is  natural 
to  expect  that  the  mixture  would  acquire  the  mean  tempe- 
rature. Suppose,  for  instance,  that  the  temperature  of  the 
water  were  100^,  and  that  of  the  oil  50°,  it  is  reasonable  to 
suppose  that  the  water  would  be  cooled  25°  and  the  oil 
heated  25°,  and  that  the  temperature  after  the  mixture 
would  be  75°.  But  when  the  experiment  is  tried,  the 
result  is  very  far  from  answering  this  apparently  reasonable 
expectation:  for  the  temperature  after  mixture  is  83^°  ; 
consequently  the  water  has  only  lost  16^  while  the  oil  has 
gained  33^  On  the  other  hand,  if  we  mix  together  equal 
weights  of  water  at  50°,  and  oil  at  100°,  the  temperature^ 
after  agitation,  will  be  only  66^  so  that  the  oil  has  given 
out  33-J,  and  the  water  has  received  only  16^.  This  expe- 
riment demonstrates  that  the  same  quantity  of  caloric  is 
not  required  to  raise  spermaceti  oil  a  given  number  of 
degrees  which  is  necessary  to  raise  water  the  same  number. 
•  The  quantity  of  caloric  which  raises  the  oil  12^,  raises 
water  only  6^;  consequently  the  caloric  which  raises  the 
temperature  of  water  1°  will  raise  that  of  the  same  weight  of 
spermaceti  oil  2°. 

-  If  other  substances  be  tried  in  the  same  manner,  it  will 
be  found  that  they  all  difter  from  each  other  in  the  quantitjF 
of  caloric  which  is  necessary  to  heat  each  of  them  to  a 
given  temperature;  some  requiring  more  than  the  same 
weight  of  water  would  do,  others  less;  but  every  one  requires 
a  quantity  peculiar  to  itself.  Now  tlie  quantity  of  caloric 
which  a  body  retjuires,  in  order  to  be  heated  to  a  certain 
temperature,  (one  degree  for  instance,)  is  called  the  specific 
caloric  of  that  body.  We  do  not  indeed  know  the  absolute 
quantity  of  caloric  which  is  required  to  produce  a  certain 
degree  of  heat  in  any  body;  but  if  the  imknown  quantity 
necessary  to  heat  water  (one  degree  for  instance)  be  made 
=  1,  we  can  determine,  by  experiment,  how^  much  more, 
or  much  less  caloric  other  bodies  require  to  be  heated  the 
same  number  of  degrees.    Thus  if  we  find  by  trial  that  the 
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quantity  of  caloric  which  heats  water  1^,  heats  the  same  Chap.  IL 
weight  of  spermaceti  oil  2%   it  follows,  that  the  specific  ^— v*^ 
c^oric  of  water  is  two  times  greater  than  that  of  the  oil ; 
therefore  if  the  specific  caloric  of  water  =  1,  that  of  sper- 
maceti oil  must  be  =  0'5.     In  this  manner  may  the  specific 
caloric  of  all  bodies  be  found. 

That  the  specific  calortc  of  bodies  is  dlfibrent,  was  first  History, 
pointed  out  by  Dr.  Black  in  his  lectures  at  Glasgow  between 
1760  and  1765.*  Dr.  Irvine  afterwards  investigated  the 
subject  between  1765  and  1770  ;f  and  Dr.  Crawford  pub- 
lished a  great  number  of  experiments  on  it  in  his  Treatise 
on  Heat  These  three  philosophers  denoted  this  property 
by  the  phrase  capacity  of  bodies  for  heat.  But  Professor 
Wilcke  of  Stockholm,  who  published  the  first  set  of  experi- 
ments on  the  subject,  introduced  the  term  specific  caloric; 
which  has  been  generally  adopted,  because  the  phrase 
capacity  for  caloric  is  liable  to  ambiguity,  and  has  introduced 
confusion  into  this  subject.  X 

The  experiments  of  Mr.  Wilcke  were  first  published  in 
the  Stockholm  Transactions  for  1781.§  The  manner  in 
which  tbcy  were  conducted  is  exceedingly  ingenious,  and 
they  fiirnish  us  with  the  specific  caloric  of  many  of  the 
metals.  The  metal  on  which  the  experiment  was  to  be 
made  was  first  weighed  accurately  (generally  one  pound 
was  taken),  and  then  being  suspended  by  a  thread,  was 
plunged  into  a  large  vessel  of  tin-plate,  filled  with  boiling 
water,  and  kept  there  till  it  acquired  a  certain  temperature, 
which  was  ascertained  by  a  thermometer.  Into  another 
small  box  of  tin-plate  exactly  as  much  water  at  32^  was  put 
as  equalled  tlie  weight  of  the  metal.  Into  this  vessel  the 
metal  was  plunged,  and  suspended  in  it  so  as  not  to  touch 
its  sides  or  bottom ;  and  the  degree  of  heat,  the  moment 


*  Black's  Lectures,  i.  504.  f  Ibid. 

X  The  term  tpecific  caloric  has  been  employed  in  a  different  sense  hy 
Segoin.    He  used  it  for  the  whole  caloric  which  a  body  contains. 

§  Mr.  Wilcke  quotes  Klingenstjerna  as  the  author  who  first  started 
the  doctrine  of  the  difference  between  the  specific  heat  of  bodies.  Kongl. 
Vetemkapt  Academiens  nya  handlingar,  torn.  ii.  for  1781,  p.  49.  I 
have  been  informed  by  the  late  Professor  Robison,  that  Wiicke*s  informa- 
tion was  first  got  from  a  Swedish  gentleman,  who  attended  Dr.  Black's 
lectures  about  1770.  But  I  do  not  know  on  what  evidence  he  founded 
his  statement. 
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Book  I.    the  metal  and  water  were  reduced  to  the  same  temperature^ 
Division  I.  ^^  marked  by  a  very  accurate  thermometer.     From  the 
change  of  temperature^  he  deduced,  by  an  ingenious  calcu- 
lation, the  specific  caloric  of  the  metal,  that  of  water  being 
considered  as  unity. 

Next,  in  point  of  time,  and  not  inferior  in  ingenious 
contrivances  to  ensure  accuracy,  were  the  experiments  of 
Dr.  Crawford,  made  by  mixing  together  bodies  of  di£ferent 
temperatures.  These  were  published  in  his  Treatise  on 
Heat  In  the  first  edition  many  errors  had  crept  into  kls 
deductions,  from  his  not  attending  to  the  chemical  changes 
produced  by  mixing  many  of  the  subjects  of  his  experiments. 
These  were  corrected  by  his  subsequent  experiments,  and 
the  corrections  inserted  in  his  second  edition.  The  method 
which  he  employed  was  essentially  the  same  with  that 
which  bad  been  at  first  suggested  by  Dr.  Black.  Two 
substances  of  different  temperatures  were  mixed  uniformly; 
and  the  change  of  temperature  produced  on  .each  by  the 
imxture  was  considered  as  inversely  proportional  to  its 
specific  caloric* 

To  the  labours  of  this  ingenious  experimenter  we  are 
indebted  for  some  of  the  most  remarkable  facts  respecting 
specific  caloric  that  are  yet  known.f 

Several  experiments  on  the  specific  caloric  of  bodies  were 
made  also  by  Lavoisier  and  Laplace,  which  fi*om  the  well- 
known  accuracy  of  these  philosophers  cannot  but  be  very 
valuable. 

Their  method  was  extremely  simple  and  ingenious;  it 

*  The  spediic  caloric  of  water  being  considered  as  1,  the  formuta  was 
as  follows :  Let  the  quantity  of  water  (which  usually  constituted  one  of 
the  substances  mixed)  be  W,  and  its  temperature  w.  Let  the  quantity 
of  the  other  body,  whose  specific  caloric  is  to  be  ascertained,  be  B,  and 
its  temperature  6.    Let  the  temperature  after  mixture  be  m.    The  spe- 

W  X  m  —  flD 

cific  caloric  of  B  is    a       ;  or,  when  the  water  is  the  hotter  of 

**  **   6  —  m 

the  bodies  mixed,  the  specific  caloric  of  B  is  -g .     See  BladcV 

Lectures,  i.  506. 

t  To  form  an  adequate  notion  of  the  delicacy  of  Dr.  Crawford's  expo* 
riments,  it  will  be  necessary  to  peruse  his  own  account  of  the  precanticMis 
to  which  he  had  recourse.  See  his  Experiments  on  Animal  Heat  and 
Combustion,  p.  90.  Seguin,  in  his  Essay  on  Heat,  Ann.  de  Chinu  iii% 
148y  has  done  little  else  than  translate  Crawford. 
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Was  first  suggested  by  Mr.  Laplace.    An  instrument  was  Chap.  II. 
contrived,  to  which  Lavoisier  gave  the  name  of  calorimeter. 
It  consists  of  three  circular  vessels  nearly  inscribed  into 
each  other^  so  as  to  form  three  different  apartments,  one 
within  the  other.     These  three  we  shall  call  the  interior^ 
middle,  and  external  cavities.      The  interior  cavity  into 
which  the  substances  submitted  to  experiment  are  put,  is 
composed  of  a  grating  or  cage  of  iron  wire,  supported  by 
several  iron  bars.     Its  opening  or  mouth  is  covered  by  a  lid, 
which  is  composed  of  the  same  materials.     The  middle 
cavity  is  filled  with  ice.     This  ice  is  supported  by  a  grate, 
and  under  the  grate  is  placed  a  sieve.    The  external  cavity 
is  also  filled  with  ice.     We  have  remarked  already,  that 
no  caloric  can  pass  through  ice  at  32^.     It  can  enter  ice, 
indeed,  but  it  remains  in  it,  and  is  employed  in  melting  it. 
The  quantity  of  ice  melted,  then,  is  a  measure  of  the  caloric 
which  has  entered  into  the  ice.     The  exterior  and  middle 
cavities  being  filled  with  ice,  all  the  water  is  allowed  to 
drain  away,  and  the  temperature  of  the  interior  cavity  to 
come  down  to  32°.     Then  the  substance,  the  specific  caloric 
of  which  is  to  be  ascertained,  is  heated  a  certain  number  of 
degrees,   suppose  to  212°,   and  immediately  put  into  the 
interior  cavity  inclosed  in  a  thin  vessel.     A«)  it  cools,  it 
melts  the  ice  in  the  middle  cavity.     In  proportion  as  it 
melts,  the  water  runs  through  the  grate  and  sieve,  and  falls 
through  the  conical  funnel  and  the  tube  into  a  vessel  placed 
below  to  receive  it.     The  external  cavity  is  filled  with  ice, 
in  order  to  prevent  the  external  air  from  approaching  the 
ice  in  the  middle  cavity,  and  melting  part  of  it.     The  water 
produced  from  it  is  carried   off  through  a  pipe.     The 
external  air  ought  never  to  be  below  32°,  nor  above  41°. 
In  the  first  case,  the  ice  in  the  middle  cavity  might  be 
cooled  too  low ;  in  the  last,  a  current  of  air  passes  through 
the  machine,  and  carries  off  some  of  the  caloric.  By  putting 
l"airtous  substances  at  the  same  temperature  into  this  machine^ 
and  observing  how  much  ice  each  of  them  melted  in  cooling 
down  to  32°,  it  was  easy  to  ascertain  the  specific  caloric  of 
each.    Thus  if  water,  in  cooling  from  212°  to  32°,  mdted 
one  pound  of  ice,  and  spermaceti  oil  0*5  of  a  pound;  the 
specific  caloric  of  water  was  one,  and  that  of  the  oil  0*5. 
This  appear»iby  &r  the  simplest  method  of  making  experi- 
ments on  this  subject,  and  must  also  be  the  most  accurate, 
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Book  T.    provided  we  can  be  certain  that  all  the  melted  snow  &1U 
Division  I.  jjj^  ^g  receiver.     But  from  an  experiment  of  Mr.  Wedge- 
wood,  one  would  be  apt  to  conclude  that  this  does  not 
happen.     He  fotmd  that  the  melted  ice,  so  &r  from  flowing 
out,  actually yroz^  again,  and  choaked  up  the  passage. 

A  table  of  the  specific  caloric  of  various  bodies  was  likewise 
drawn  up  by  Mr.  Kirwan,  and  published  by  Magellan  in 
his  Treatise  on  Heat.  Mr.  Meyer  published  a  set  of  expe- 
riments on  the  specific  caloric  of  dried  woods;  and  Mr. 
Leslie,  in  his  Essay  on  Heat,  has  given  us  the  result  of  his 
experiments  on  various  bodies.  The  experiments  of  Meyer 
were  made  by  ascertaining  the  rate  of  cooling  of  the  same 
bulks  of  difiPerent  bodies.  From  this  he  deduced  their  con- 
ducting power  for  heat;  and  he  considered  the  specific 
caloric  as  the  reciprocal  of  the  product  of  the  conducting 
power  multiplied  into  the  specific  gravity  of  the  body.* 
Mr.  Leslie  likewise  made  his  observations  by  ascertaining 
the  time  that  various  bodies  of  equal  bulks  took  up  in  cool- 
ing in  the  same  circiunstances.  He  then  multiplied  the 
proportional  numbers  thus  got  into  the  specific  gravity  of 
the  various  bodies  tried.f 

Mr.  Daltou  has  also  turned  his  attention  to  this  import- 
ant subject,  and  has  published  a  table  of  the  specific 
heats  of  different  bodies.  His  method  was  similar  to  that 
employed  by  Leslie;  and  Mr.  Dalton  informs  us  that  he 
found  that  method  susceptible  of  considerable  precision. 

Count  Rumford,  who  had  attached  himself  in  a  parti- 
cular manner  to  the  science  of  heat,  likewise  made  some  ex- 
periments on  the  specific  heat  of  various  bodies.  But  his 
results  diflFer  very  much  from  those  of  the  other  experi- 
menters, that  have  turned  their  attention  to  the  subject  and 
are  probably  not  so  accurate.  J 

In  the  year  1813,  a  most  elaborate  set  of  experiments  was 
published  by  Delaroche  and  Berard  on  the  specific  heat  of 
gaseous  bodies— a  subject  which  had  occupied  the  particular 

*  Let  L  be  the  cunductiDg  power,  A  the  specific  caloric,  and  M  thm 
specific  gravity.    According  to  Meyer  we  hare  A  «  •----.    Sm  Ada.  cb 

Chim.  XXX.  46. 

t  See  Leslie  on  Heat,  p.  340. 

t  His  mode  of  making  the  experiment  may  be  seen  in  the  PhikiSiof»bicaI 
Magazine,  xliii,  SIS,  or  in  Gilbert^SvAnnalen,  zhr.  300. 
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att^tion  of  Crawford,  and  likewise  of  Lavoisier  and  I^ip-*  Cbap.  II. 
lace.  But  the  methods  employed  by  these  philosophers  had  ^—-v"-^ 
not  acquired  the  confidence  of  chemists.  The  process  of 
Delaroche  and  Berard  was  somewhat  difficult  of  execution; 
but  seems  in  skilful  bands  to  be  susceptible  of  considerable 
precision,  and  as  fiur  as  appears  the  experiments  were  con- 
ducted with  the  utmost  care.* 

The  following  table  exhibits  a  view  of  the  specific  heats  Table  of 
of  various  bodies  as  they  have  been  determined  by  the  dif-  h^, 
erent  experiments  hitherto  made : 

I.   GASES  REFERRED  TO  AIR-f 

Same  bulk.  Same  weight. 

Air I'OOOO  I'OOOO 

Hydrogen 0'»OSS  12'S401 

Carbonic  acid     ....  1  '2583  ...•••  0*8280 

Oxygen 0*9765  0-8848 

Azote 1-0000  1-0818 

Oxide  of  azote   •••.  1-3503  0-8878 

Olefientgas    1.5530  1-5768 

Carbonic  oxide  ... .  1-0340 1-0805 


OASES     REFERRED 
WATER.  J 


TO 


•  •  •  • 


Water  . . . 

Air    

Hydrogen 
Carbonic  acid  . . 

Oxygen     

Azote    

Oxide  of  azote  «• 
defiant  gas  . . . 
Carbonic  oxide  • 
Aqueous  vapour . 


Same  weight. 
1-0000 
0-2669 
3-2936 
0-2210 
0-2361 
0.2754 
0-2369 
0-4207 
0-2884 
0-8470 


II.  WATER. 


Ice 


{ 


Sp.  Caloric. 
0-9000t 
-8000(a) 


Sp.  Caloric. 

Water     1-0000 

Steam 1-5500* 


III.  SALINE  SOLUTIONS. 

Carbonate  of  1        0-85  rf 
ammonia       /       0-95(1)) 

Sulphuretof  \      ^^^ 

amm.  (0-818)  J    "^^*" 

Sulphate  of 
maimesia 

Water 


te  of  ^ 

!sia    . .  1  >  0*844t 

2  J 

Common  Salt  1  \  ^^g. 

Water g^  0  832t 


Ditto  (1-197)  ....  0-78(D) 
Water    1}   •-••0-8167t 

w^  j|  .•.•««t 


•  See  Ami.  de  Chim.  Ixxxv.  72,  or  Annals  of  Philosophy,  ii.  134. 
t  Delaroche  and  Berard.  Annals  of  Philosophy,  ii.  S91. 
X  Ibid.  ii.  4SS. 


Piviikmi.  CorboMte  of 
potash  (rSO) 
Muriate  of  amr 
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Eite  of  aH[i-^ 
ia  ••••  1  > 
ar  ....  V5J 


monia 
Water 
Tartar  ....  I  \ 
Water  ..  2S7-3/ 
Sulphate  of 

kon 
Water 
Sulphate  of 

soda 
Water 
Alum    •  •  • .  1    7 

Water 2-95 

Nitric  acid    ^  \ 
Lime    ....  1  ^J 

Ditto  (1-40}    

Solution  ol  br.  \ 

sugar  J 

Ditto  (M7) 


lateof     ^ 

•    •■•X  £"    m   a 

T  ..  2-5 J 
«of     ^ 
..1      >•. 
..  2-9  J 


. » .  • 


Bp.  Cslolle. 

0-7fi(D) 

0-798t 
0-734t 

0'765t 

0'7«8+ 

0'649+ 

0-6189t 
0.62(D) 

0-086t 

0-77(D) 


IV.   ACI09  AND  ALKALlBiS. 

Vinegar 0-92(D) 

f  pale    ....  0-844t 
(1-20)     . .  0-76  (D) 


Nitric 
acid. 


(r2989){Jf^^t 


e2(L) 

1  -so   ....  0-66(D) 

(1-355    ..0'57dt 
(1.36)     ..0-63(D) 
j^    .  ^.      r(I-122)0-680t 
Muriatic   |\.ir,8   o-60(D) 

r (1-885)  ..  0*758t 

Sulph.<  j.g^^  o-S5(D) 

I  (1-87)         0-3345$ 
1^  0.333(a) 

Do.  4.  Water  5  0-66Slt 
Do.  4.  do.  3  ....  0"6031± 
Do.  equal  bulks  . .  0-52(D) 
Acetic  acid  (1-056)  0-66(D) 
Potafeh  ( 1  -846  )     . .  0.759t 

Arv^m   (0-997)       f0-708t 
-^^°^-  (0-948)      ll03(D) 


t.   IMifLkiitAhSLk  LIQUIDS. 

l*0B6t 

(6-8i7) 


Aleohd^ 


0*9S0(a) 
6*70(D) 
0*6666^ 


0-64  (L) 
0-602* 

0*389788 
0-549931 

•76(D) 


(0-8SS) 

(0*818) 

(-848) 

CS.1  1.    »t    (0-76)  C0-66(D) 
Sulph.etherj.^2^j  ^0-54S29|| 

f  0-7 18t 
Oil  of  olives  . .  {   0-50(L) 

L  0-438491 

Linieed  oil  . .     ^  ^.45 JJg, 

Spermaceti  oil    {^^^^ 

r  0-472t 
Oiloftui^ent    <    0*400(a) 

t  0S3856B 

Naphtha 0-41519|| 

Spermaceti 0-S99t 

Ditto  fluid   0-S20(a) 


Arterial  blood    4 


VI.   ANIMAL  FLUIDS. 

1-0360* 
0-91 8(b) 

Venou.  blood  {  0^^^ 
Cows  milk    ..    {o.9^D) 

TlI.   ANIMAL  SOLn>S. 

Ox-hide  with  hair  0-7870* 
Lungs  of  a  sheep  0-7690* 
Lean  of  ox-beef . .  0*7400* 

VIII.  V6GKTABLE  SOUlM* 

Pinus  sylvestris   . .  0-65^1 
Pinus  abies  ......  O-COlf 

Tilea  Europaea    . .  O^l^T 
Pinus  picea 0*S8f 


Sp,CdoT)c. 
VyiUB  malus  ....  0"S71[ 
Betuk  alnus  ....  0-5Sf 
Cotton 0*53 

Fruxintu  excelsior  0*51^ 
Pvnu  communis . .  0'50f 

Rice     0-5060* 

Horse  beans   ....  0-5020* 
Dust  of  the  pine  J  ^^^^^ 

tree  ^ 

Peaa    O-igSO" 

Tagaa  Sylvatica  . .  O'ldf 
Caq>iDUs  betulus . .  0-481 

Betuk  alba 0-4Sf 

Wheat     O-i770* 

Elm 0-471 

Quercus  robur  "1   q,,-. 

pedunculata  /  "*^' 
Pninua  domestica  0'44ll 
Dyaspyrus  ebenum  0-43f 

Barley 0-4210* 

OaU     0-4160* 

K^c^  ....  ^»i;<?i 

Charcoal 0-2631* 

Cinders 0-192S* 

IX.   SARTHY  BOSIEd, 
STOMEWABK,  AND  GLASS. 


Hydrate  of  lime 
Chalk   

Quicklime    . . 

Ashes  of  pit^wal 
Ashes  of  elm   . 
Agate  (2-64S) . 
Sloiieware      . . 
Crown  gloss     . 

Crystal     

Swedish  Glass(: 
Flint  glass    . . 


. .  0-40{D) 
f  0-27(D) 
\  0-2S64* 
f  0-30(D) 
■{  0-2229* 
I  0-21681: 
0-1 855* 
..  0-1402" 
. .  0-196§ 
..0-195t 
..  0-200{a) 
, ..  01929t 
S86)0-187§ 
C  0-19(D) 
I  0-174t 


Sp.  Calorie.      Ch«p.II. 

X.S.,ph»..    {-W    -v- 
Muriate  of  soda  , .  0-23(1)) 


XI.   HGTALfi. 


PlaUnum . 


Iron.. 

(7-876) . 
Brass  (8-3«6) . 

Copper  (8-78*) 


Sheet  iron  . 
Gun  mebd  , 
Nickel 


Zinc(7-1M)    . 
Silver  t^O-"^ 


Antimony    . . . 
(6.107) 


"^   (11.466.. 
Mercury  .... 


0-1 8(a) 
0-143(a) 
0-I3(D) 
0-I25t 
0-1269* 
.  L  0-1 26§ 
f  0-1123* 

<  0-1 16S 
lo-U(D) 
f  0-1111* 

-J  0-1 14| 
Co-ll(D) 
. .  0-1099$ 

..  o-noo|f 

, .  0-1 0(D) 
f  0-0943* 

<  0-1 02§ 
L  O-IO(D) 

{0-082S 
0-08(D) 
{0-068t 
0-070** 
0-07(D) 
0-060$ 

ro-086t 

.}  0-0645* 
)  0-0631 
L  0-06(I)) 

iO-050S 
0-05(D) 
0-050t 
0-0352* 
0-042( 
004(D) 
t   0-043S 
:     0-04(D) 

"  o-osst 

0-0SB7* 
0-02901 
0K>496(D) 


Book  L  SP-  C*>oric. 

Dwistoal.  XII.  OXIDKS. 


of  iron  ..  ••  0'S20t 
Rust  of  iron    . . .  •  0"2500* 
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8p.  Caloric. 

Chddeofcpppcr,7  ^^2272* 

do.  3 

Oxideofleadandl  q.^q^x 
tin  J 

Ditto  nearly  free?  0'1666»      Oxide  of  zinc,  do.  0-1369* 

fromahr  5 

White  oxide  of  "J  0*230+ 
antim.  washed  /  0*2272* 


O^i^^e^*"^!  0-0990* 
Ijr  freed  from  ).  q.^^^ 

air  J 

YeUow  oxide  of  7  0-0680* 

lead,  do.  S  0-068+ 


The  following  are  the  most  important  points  respecting 
the  i^)ecific  caloric  of  bodies  hitherto  investigated. 
G«|c«il ««-  1.  Dr.  Crawford  made  a  great  many  experiments  relative 
to  the  specific  caloric  of  bodies  at  di&rent  temperatures, 
and  the  result  of  them  was,  that  it  is  nearly  permanent  in  the 
same  body,  while  that  body  remains  in  the  same  state.  His 
reasoning  is  founded  upon  two  suppositions,  neither  of  which 
have  been  sufficiently  proved:  1.  That  the  mercurial  ther- 
mometer is  an  accurate  measure  of  heat ;  2.  That  heat  does 
not  unite  chemically  to  bodies.  With  these  data  he  show% 
that  the  specific  caloric  of  water  does  not  vary  at  diffi^rent 
temperatures.  And,  finally,  by  mixing  bodies  at  various 
temperatures  with  water,  he  established  the  permanency  of 
their  specific  calor]cs.+  As  this  reasoning  is  founded  on 
inadmissible  suppositions,  it  is  not  quite  legitimate.  Mr. 
Dalton  has  lately  endeavoured  to  show  tliat  the  specific  heat 
of  all  bodies  increases  with  their  temperature :  and  his  rear 
soning,  though  not  quite  conclusive,  is  at  least  very  plausible 
and  probable. 

2.  Whenever  a  body  changes  its  state,  its  specific  caloric 
changes  at  the  same  time^  according  to  the  following  law. 
When  a  solid  becomes  a  liquid,  or  a  liquid  an  elastic  fluid, 
the  specific  caloric  increases;  when  an  elastic  fluid  be^ 
comes  a  liquid,  or  a  liquid  a  solid,  the  specific  caloric  ciiffti- 
tnshes.  This  very  important  discovery  was  made  by  Dr. 
Irvine,  and  applied  by  him,  with  much  sagacity^  to  the 


*  Crawford ;  f  Kirwan ;  {  Lavoisier  and  Laplaca ;  §  Wilke ;  %  Meyer; 
(L)  Leslie ;  ||  Cooot  Ramford ;  (D)  Dalton,  New  System  of  Qiemical 
Pfailosopby,  p.  69.  (a)  Irvine.  Essays,  p.  84  and  9ld,  (b)  John  Daity^ 
Phil.  Trans.  1814,  p.  503. 

t  Crawford  on  Heat,  p.  33. 
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planation  of  a  great  varie^  of  curious  and  important  phe*  Chap.  ii. 
nomena.  .u-%y^*--' 

3.  The  specific  caloric  of  bodies  is  increased  by  combining 
them  with  oxygen.  Thus  the  specific  caloric  of  metallic 
oxides  is  greater  than  that  of  metals,  and  of  acids  than  of 
their  bases.  This  fact  was  discovered  by  Dr.  Crawford, 
and  constituted  the  foundation  of  his  theory  of  animal  heat* 

4.  The  specific  caloric  of  oxygen  is  diminished  when  it 
enters  into  combination  with  inflammable  bodies.  This  was 
also  established  by  Dr.  Crawford,  though  not  in  a  manner 
quite  so  satisfiictory. 

II.      OP  THE  ABSOLUTE   QUANTITY  OF  HEAT  IN 

BODIES. 

Thus  we  see  that  the  relative  quantity  of  caloric  is  very 
different  in  di£fer^it  bodies,  even  when  they  are  of  the  same 
temperature  by  the  test  of  the  thermometer.  It  is  obvious, 
therefore,  that  the  thermometer  is  not  capable  of  indicating 
the  quantity  of  caloric  contained  in  bodies :  since,  not  to 
mention  the  specific  caloric,  the  presence  of  the  caloric  which 
occasions  fluidity  is  not  indicated  by  it  at  all.  Thus  steam 
at  212^  contains  1000^  more  caloric  than  water  at  212^,  yet 
the  temperature  of  each  is  the  same.  Is  there  then  any  me- 
thod of  ascertaining  the  absolute  quantity  of  caloric  which  a 
body  contains?  At  what  degree  would  a  thermometer  stand 
(supposing  the  thermometer  capable  of  measuring  so  low,) 
were  the  body  to  which  it  is  applied  totally  deprived  of 
caloric?  or.  What  d^ee  of  the  thermometer  corresponds 
to  the  real  zero? 

The  first  person,  at  least  since  men  began  to  think  aocu* 
rately  on  the  subject,  who  conceived  the  possibility  of  deter- 
mining this  question,  was  Dr.  Irvine  of  Glasgow.  He  in- 
vented a  theorem,  in  order  to  ascertain  the  real  zero,  ix^ich 
has,  I  know  not  for  what  reason,  been  ascribed  by  several 
writers  to  Mr.  Kirwan. 

1.  It  is  obvious,  that  if  the  specific  caloric  of  bodies  con*  HrpoUiefit 
tinues  the  same  at  all  temperatures,  die  absolute  quanti^  ^^nt. 
caloric  in  bodies  must  be  proportional  to  the  specific  caloric. 
Thus  if  the  specific  caloric  of  spermaceti  oil  be  only  half  of 
that  of  water,  water  must  contain  twioe  as  much  caloria  ai 

i2 
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Bdok  I.  ^rmaceti  oil  of  the  same  temperature.  Let  us  suppose 
Divtaipn  I.  jj^^j^  bodies  to  be  totally  deprived  of  caloric,  and  that  we 
apply  to  them  a  thermometer,  the  zero  point  of  wfaidi  indi- 
cates absolute  cold  or  a  total  deprivntion  of  heat  To  raise 
the  oil  and  water  one  d^pree^  we  must  throw  in  a  certain 
quantity  of  heat,  and  twice  as  much  heat  will  be  necessary 
to  produce  the  efiect  upon  the  water  as  on  the  oil.  To  pro^ 
duce  a  temperature  of  two  degrees,  the  same  rule  must  be 
observed ;  and  so  on  for  three,  four,  and  any  number  of  de- 
grees. Thus  at  all  temperatures  the  water  would  contain 
twice  as  much  caloric  as  the  oil. 

2.  This  supposition,  that  the  specific  caloric  of  bodies 
continues  the  same  at  all  temperatures,  was  the  foundation 
of  Dr.  Irvine's  reasoning.  He  had  ascertained,  that  when  a 
body  changes  from  a  solid  to  a  liquid,  its  specific  caloric  at 
the  same  time  increases ;  and  that  the  same  increase  is  ob- 
servable when  a  liquid  is  converted  into  an  elastic  fluid. 
The  constancy  of  the  specific  caloric  of  bodies,  on  which  he 
founded  his  theory,  was  true  only  while  they  remained  in  the 
same  state.  He  supposed  likewise,  that  when  a  solid  body 
is  converted  into  a  liquid,  the  caloric  absorbed  without  any 
increase  of  temperature^  or  the  latent  heat,  is  merdy  the 
consequence  of  the  increase  of  the  specific  caloric  df  the 
body.  Thus  when  ice  is  converted  into  water,  140^  of  ca- 
loric are  absorbed,  because  the  specific  caloric  of  water  is  so 
much  greater  than  that  of  ice,  as  to  require  140^  additional 
of  caloric  to  preserve  the  same  temperature  which  it  had 
when  its  specific  caloric  was  less.  The  same  supposition 
accounted  for  the  absorption  of  caloric  when  liquids  are 
converted  into  elastic  fluids.  ' 

S.  Dr.  Irvine's  theory  of  the  absolute  caloric  of  bodies 
depended  upon  these  two  opinions,  which  he  considered  as 
first  principles.  The  first  gave  him  the  ratio  of  the  abso- 
lute calorics  of  bodies;  the  second,  the  difierence  between 
two  absolute  calorics.  Having  these  data,  it  was  easy  to 
calculate  the  absolute  quantity  of  caloric  in  any  body  what- 
ever. Thus  let  us  suppose  that  the  specific  caloric  of  water 
is  to  that  of  ice  as  10  to  9,  and  that  when  ice  is  converted 
into  water  the  quantity  of  caloric  absorbed  is  140^.  Let  us 
call  the  absolute  quantity  of  caloric  in  ice  at  32^  x,  it  is 
obvious  that  the  absolute  caloric  in  water  at  32?  is  ^  x  + 
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140^.  W^  have  then  the  absdute  caloric  of  ice  »  a:^  that  Chap.  II. 
of  Water  s  x  -f  14>0.  But  these  quantities  arc  to  each 
other  as  10  to  9.  Therefore  we  have  this  proportion  10:9 
::  X  +  140 :  X.  By  multiplying  the  extremes  and  means 
we  get  this  equation  10  x  ss  9  x  +  1260,  from  which  we 
deduce  x  =  1260.  Thus  we  obtain  the  absolute  quantity 
of  caloric  in  ice  of  82%  and  find  it  to  amount  to  1260. 
Water  at  32^  of  course  contains  1400  degrees  of  caloric* 
Or,  to  state  the  proposition  differently;  as  the  specific 
caloric  of  water  is  to  that  of  ice  as  10  to  9,  it  is  obvious  that 
(he  140  degrees  of  heat  which  are  evolved  when  water  is 
frozen  are  equal  to  -j^jyth  of  the  whole  heat  in  the  water. 
Ther^ore  the  heat  of  the  water  is  equal  to  140  x  10,  or 
1400. 

Such  was  the  ingenious  method  proposed  by  Dr.  Irvine 
for  ascertaining  the  real  zero,  or  the  degree  at  which  a 
thermometer  would  stand  when  plunged  into  a  body  alto* 
gether  destitute  of  caloric.  We  see,  that  by  the  above  cal* 
culation  it  would  be  with  r^ard  to  ice  1260  degrees  below 
32^  of  Fahrenheit's  scale,  or  12113  degrees  below  0.  Dr. 
Crawford,  however,  who  made  his  experiments  upon  a  dif« 
ferent  set  of  bodies,  places  the  real  zero  at  1500^  below  0 
of  Fahrenheit.  Mr.  Dalton,  who  has  also  turned  his  at- 
tention to  the  same  question,  has  found  the  mean  of  his 
experiments  to  give  6000^  below  the  fi'eezing  point  as  the 
real  zero.* 

4.  Unfortunately  the  truth  of  the  principles  on  which 
this  theory  of  Dr.  Irvine  is  founded  is  by  no  means  esta- 
blished. The  first  proposition,  that  the  specific  caloric  ci 
bodies  continues  the  same  at  all  temperatures,  has  by  no 
means  been  ascertained  by  experiments;  so  far  from  it,  that 
the  very  contrary  has  been  proved  by  Dr.  Irvine  himself  to 
bold  in  the  case  of  spermaceti  and  wax,  and  has  been  ob« 
served  by  Crawford  in  other  caaes.t  But  even  if  it  did 
hold  at  all  temperatures  while  bodies  continue  in  the  same 
state,  still  as  every  change  of  state  is  confessedly  attended 
with  a  corresponding  change  of  specific  caloric,  we  have  no 
right  to  afiirm  that  the  specific  caloric  is  proporti(Hial  to 
the  absolute  caloric.     For  instance,   though  the  qiecific 

*  New  System  of  Cbeimcal  Philofophy,  p.  97.         t  ^  Heat,  p.  478. 
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Book  I.  caloric  of  ice  be  to  that  of  water  as  9  to  10)  it  does  not  fel- 
Prntion  I.  Jq^  ii^Q^  jjj^jj.  absolute  calorics  bear  the  same  jnroportion : 
nor  can  any  reason  be  assigned  for  supposing  that  this  ratio 
ought  to  hold,  unless  we  suppose  that  caloric  is  incapable 
of  uniting  chemically  to  bodies ;  in  which  case  indeed  it 
might  be  admitted. 

5.  The  second  proposition,  namely,  that  the  caloric  ab- 
sorbed by  a  body,  during  its  change  of  state,  is  merely 
owing  to  the  change  of  the  specific  caloric  of  the  body,  is 
equally  unsupported  by  direct  proof,  and  indeed  cannot  be 
admitted,  if  we  allow  that  coloric  is  capable  of  combining 
chemically  with  bodies.  It  assigns  no  reason  for  the  change 
of  state  which  the  body  has  undergone,  while  the  theory  of 
Dr.  Black  accounts  for  that  change.  The  940  degrees  of 
heat  which  disiq^pear  when  water  becomes  steam,  according 
to  Dr.  Irvine,  are  merely  tlie  consequence  of  the  increased 
specific  caloric  of  steam  above  that  of  water.  But  why 
does  water  Ijecome  steam,  and  why  does  it  show  a  tendency 
to  absorb  heat  before  it  has  actually  become  steam ;  a  ten- 
dency causing  it  to  exert  a  force  which  at  last  overcomes 
the  most  powerful  obstacles?  If  the  change  be  produced  by 
the  combination  of  heat,  as  all  the  phenomena  announce^ 
then  the  hjrpotliesis  of  Irvine  is  inadmissible.  Accordingly, 
both  Irvine  and  Crawford  laid  it  down  as  an  axiom,  that 
heat  is  incapable  6f  combining  with  bodies. 

6.  Another  set  of  phenomena  from  which  Dr.  Irvine 
drew  his  conclusions,  is  more  susceptible  of  investigation* 
When  bodies  unite  together  chemically,  a  change  of  tem- 
perature is  almost  constantly  produced;  the. compound 
either  giving  out  heat  or  absorbing  it.  Dr.  Irvine  ascer- 
tained, by  a  variety  of  experiments,  that  tlie  corabinatian  is 
attended  with  a  similar  change  in  the  specific  heat  of  the 
compound.*  Wlien  the  specific  caloric  increases,  the  com- 
pound generates  cold;  when  the  specific  caloric  diminishes^ 
heat  is  evolved. 

He  inferred,  in  consequence  of  his  opinion  ibrmerly 
explained,  that  the  heat  evolved  or  absorbed  in  these  cases 
was  proportional  to  the  change  of  specific  caloric,  and  the 
consequence  of  that  change.     Hence  it  was  easy,  knowing 

*  Crawford  on  Heat,  p.  46A* 
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the  specific  caloric  of  two  bodies  before  combination,  the  cbap.  il. 
specific  caloric  of  the  compound,  and  the  heat  evolved  or 
absorbed,  to  ascertain  upon  that  hypothesis  the  absolute 
heat  of  the  body.  For  example,  let  the  specific  caloric  of 
two  bodies  before  combination  be  s  2,  and  after  it  =s  I, 
it  is  obvious,  that  during  combination  they  must  have  parted 
with  half  of  their  absolute  heat.  Let  the  beat  evolved  be 
700 ;  then  we  know  that  the  whole  heat  contained  in  the 
bodies  is  twice  700,  or  1400.  Suppose  equal  weights  of  the 
two  bodies,  A,  B,  to  be  comUned  together ;  let  die  q>ecific 
caloric  of  A  be  C,  and  that  of  B,  c;  and  let  the  specific 

caloric  after  combination  be  K  +  i?  then,  according  to 

Dr.  Irvine,  we  have  C  +  ^  —  K  +  A:K  +  An/=:  the 
heat  evolved  :  S  =  absolute  heat.    Hence  we  have  S  » 

=; — ' — irr^ — 7.    If  thc  wciffhts  of  thc  bodies  combined  be 

C+c—  K— *  ® 

not  equal,  then  let  Q  be  the  weight  of  A,  and  q  that  of  B; 
we  have  as  before,  C  Q  +  c  9  —  KQ  +  kq  :  K  Q  -h  ib  9 

::liS.     Hence  S  =  ^^  ^^^^  Vo^    1.  >    This  hypothe- 

sis  can  be  true  only  on  the  supposition  that  the  quantity  S^ 
found  by  mixing  substances  together  in  different  propor* 
tions,  turns  out  always  the  same  quantity.  If  it  does  not, 
the  opinion  fisdls  to  the  ground.  Thus  if  we  mix  together 
various  proportions  of  water  and  concentrated  sulphuric 
acid,  the  heat  evolved  at  each  trial,  compared  with  the 
change  of  the  specific  caloric,  ought  to  give  us  the  same 
value  of  S.  But  from  the  experiments  that  have  been  made 
upon  this  subject,  it  does  not  appear  that  any  such  constant 
value  of  S  is  observed.  The  experiments  indeed  of  Gadolin 
approach  somewhat  to  it,  but  those  of  Lavoisier  and  La- 
place are  very  anomalous  as  will  appear  from  the  following 
statement 

From  the  experiments  of  Lavoisier  and  Laplace  on  a 
mixture  of  water  and  quicklime,  in  the  proportion  of  9  to 
16,  it  follows  that  the  real  zero  is  3428^  below  0. 

From  their  experiments  on  a  mixture  of  four  parts  of 
sulphuric  acid  and  three  parts  of  water,  it  follows  that  the 
real  zero  is  7262^  below  0. 

Their  experiments  on  a  mixture  of  four  parts  of  sul« 
phiuric  acid  and  five  of  water  place  it  at  2598^  below  0. 
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Book  I.        Their  ^cperiments  on  94-  parts  of  nitric  add  and  one  of 

Division  I.  loog 

^-^/--^  lime  place  it  at  rj^gj  below  32%  =  +  2SSSffi 

The  mean  result  of  Gadolin's  experiments  on  mixtures 
of  sulphuric  acid  and  water  place  it  at  2300^  below  0. 

Mr.  Dalton's  resulu  vary  from  4150°  to  11000°;  the 
mean  of  the  whole  places  the  real  zero  at  6150°  below  32°t« 

Dr.  Irvine's  own  e2q)eriments  led  him  to  fix  the  real  zero 
at  IK)0°  below  0. 

Dr.  Crawford,  from  his  experiments,  placed  it  at  1500^ 
below  p. 

These  results  difier  from  one  another  so  enormously,  and 
the  last  of  those  obtained  by  Lavoisier  and  Laplace,  which 
places  the  real  zero  far  above  a  red  heat,  is  so  absurd,  that 
if  we  suppose  them  accurate,  they  are  alone  sufficient  to 
convince  us  that  the  data  on  which  they  are  founded  are  not 
true.  Nor  can  the  hypothesis  be  maintained  till  the  anoma- 
lies which  they  exhibit  be  accounted  for. 
Mr.  Dal-  7.  Another  method  of  determining  the  absolute  quantity 
ton^bypo-  ^  caloric  in  bodies  has  been  lately  proposed  by  Mr.  Dalton,| 
a  philosopher  whose  ingenuity  and  sagacity  leave  him  in- 
ferior to  none  that  have  hitherto  turned  their  attention  to 
this  difficult  subject.  He  supposes  that  the  repulsion  which 
exists  between  the  particles  of  elastic  fluids  is  occasioned 
by  the  caloric  with  which  these  particles  arc  combined^ 
and  that  it  is  always  proportional  to  the  absolute  quantity  of 
caloric  so  combined.  Now  the  diameter  of  the  sphere  over 
which  the  influence  of  a  particle  extends  is  the  measure  of 
the  repulsion,  and  it  is  proportional  to  the  cube  root  of  the 
whole  mass.  The  repulsion  exerted  by  the  particles  of  an 
elastic  fluid,  at  different  temperatures,  is  proportional  to 
the  cube  root  of  the  bulk  of  the  fluid  in  these  temperatures. 
Therefore,  according  to  this  hypothesis,  the  absolute  quan- 
tity of  caloric  in  elastic  fluids,  at  different  temperatures,  is 
proportional  to  the  cube  roots  of  these  bulks  at  tlicse  tem- 
peratures. To  give  an  example :  the  bulk  of  air  at  5h^ 
being  1000,  iu  bulk  at  £12°  is  1325:  therefore  the  abso- 


*  See  Segub,  Ann.  de  Chim.  v.  231. 

t  New  System  of  Chemical  Philosophy,  p.  97. 

X  Manchester  Memoirs,  y. 
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lute  heat  in  air  at  85^  is  to  its  heat  at  212°  as  v^iooo  to  ^!!^[^ 

^  1325,  or  nearly  as  10  to  11.  Let  us  call  the  absolute 
heat  of  air  at  BS^  x;  then  the  absolute  heat  of  air  at  212°  is 
X  +  157.  This  gives  us  the  following  proportion ;  10  :  11 
::  X  :  x  +  157.  Hence  11  x  ss  lo  x  +  1570,  and  x  s± 
1570.  Thus  we  obtain  1570  for  the  absolute  heat  in  air  at 
65^,  Subtracting  these  55  degrees,  we  have  1515°  below  0 
for  the  point  of  real  zero.* 

Such  is  the  hypothesis  of  Mr.  Dalton ;  and  the  result 
which  he  obtained  corresponds  pretty  nearly  with  Dr. 
Crawford's  deductions  from  some  of  his  experiments :  but 
if  it  be  applied  to  other  temperatures,  no  such  exact  coin« 
cidence  wiU  be  observed,  as  has  been  very  well  shown  by 
an  anonymous  writer  in  Nicholson's  Joumal.f  It  appears 
from  the  examples  there  produced,  that  the  higher  the  tern-* 
perature  at  which  the  comparison  is  made^  the  lower  is  the 
point  obtained  for  the  commencement  of  the  scale  of  heat 
But  Mr.  Dalton  conceives  that  this  is  owing  to  the  thermo- 
meter not  being  an  accurate  measure  of  the  scale  of  tem- 
perature ;  %  for  when  the  temperature  is  corrected  by 
Deluc's  expmments,  the  anomaly  in  one  of  the  instances 
disappears. 

Tliis  hypothesis  of  Mr.  Dalton  is  founded  on  a  suppose  Ingnffideiit 
tion  which,  though  it  cannot  be  demonstrated,  is  never^ 
theless  exceedingly  probable  to  a  certain  extent:  for  if 
elastic  fluids  owe  their  peculiar  fluidity  to  heat,  and  if  their 
increase  of  elasticity  be  proportional  to  their  increase  of 
heat,  I  do  not  see  how  it  can  be  denied  that  the  repulsion 
between  the  particles  of  these  bodies  is  proportional  to  the 
caloric  combined  with  them ;  not,  however,  to  the  whole 
of  their  caloric,  but  to  that  portion  of  it  only  which  occa- 
sions their  elastipity,  and  which  increases  their  elasticity. 
It  is  at  present  believed  that  the  abstraction  of  heat  is  capa- 
ble of  converting  elastic  fluids  into  liquids,  and  even  into 
solids.  Mr.  Dalton  himself  is  a  supporter  of  this  opinion, 
which,  in  the  present  state  of  our  knowledge^  scarcely  admits 
of  dispute.  But  the  particles  of  liquids  and  solids  do  not 
repel  one  another,  but  possess  a  contrary  property;  thc^y 

*  Manchester  Memoirs,  v.  601.       f  1803,  vol.  iv.  323.      t  ll>i<l-  v.  S4. 
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Book  I.  attract  one  another;  yet  they  all  confessedly  contain  a 
Divwion  I.  grgg^  jg J  Qf  heat,  Were  we  then  to  convert  elastic  fluids 
into  liquids,  by  abstracting  heat  from  them,  we  should  de- 
prive their  particles  of  the  repulsive  force  which  they  exert, 
and  yet  leave  a  considerable  quantity  of  caloric  in  them. 
it  is  not  the  whole  of  the  caloric,  then,  which  is  combined 
with  the  particles  of  elastic  fluids,  that  occasions  their  repul- 
sion, but  only  a  part  of  it.  Now  surely  it  will  not  be  said,  that 
the  repulsive  force  of  the  particles  of  elastic  fluids  is  pro- 
portional to  that  caloric  which  has  no  efiect  in  producing 
the  repulsion,  and  which  would  remain  in  combination, 
though  that  repulsion  were  annihilated.  It  can  only  be 
proportional  to  that  portion  of  the  caloric  which  occasions 
repulsion.  Mr.  Dalton's  hypothesis,  then,  only  enables  us 
to  And  out  the  quantity  of  caloric  which  occasions  the 
elastic  fluidity  of  the  bodies  in  question,  and  by  no  means 
the  whole  of  the  caloric  which  they  contain,  unless  they 
were  supposed  to  continue  in  the  state  of  elastic  fluids  tiU 
deprived  of  all  the  heat  which  they  contain  except  the  last 
particle:  which  is  a  supposition  that  cannot  be  made.  It 
does  not  even  give  us  any  precise  notion  of  the  caloric  of 
elastic  fluidity,  unless  we  ascertain  the  specific  caloric  of 
the  body  in  question ;  and  after  we  have  done  so,  reduce 
the  degrees  of  caloric  of  fluidity  to  a  known  standard,  as 
to  the  number  of  degrees  which  they  would  raise  the  tern* 
pcrature  of  water,  supposing  it  not  to  change  its  state. 
This  indeed  is  absolutely  necessary  in  all  cases  when  we 
wish  to  speak  definitely  of  the  real  zero:  For  as  more  heat 
is  necessary  to  raise  one  body  a  certain  number  of  degrees 
than  to  produce  the  same  change  on  another,  suppose  we 
were  to  deprive  these  bodies  altogether  of  heat,  and  then  to 
raise  them  both  to  a  certain  temperature,  the  number  of 
degrees  of  heat  added  to  both  would  be  equal;  yet  the 
absolute  quantity  of  heat  added  to  both  \vould  be  very  un- 
equal. The  term  real  zero  can  have  no  meaning  what- 
ever, as  far  as  it  alludes  to  the  quantity  of  heat  in  bodies, 
unless  we  always  refer  to  some  particular  body,  as  water, 
and  make  it  our  standard. 


RSAT.  IfS 


III*  or  COLD* 

Having  pointed  out  the  methods  of  ascertaining  the  Chap.  U. 
relative  quantity  of  heat  in  bodies  of  the  same  tempera^  ^""""n^"*^ 
ture,  and  explained  the  various  hypotheses  respecting  their 
absolute  heats,  it  remains  for  us  only  to  make  a  tew  obser- 
vations on  the  abstraction  of  heat  from  bodies,  or  on  what  Sensstiooi' 
in  common  language  is  called  cold.  When  caloric  combines  of  best  and 
with  our  own  bodies,  or  separates  from  them,  we  expe-  ^jiI^q^ 
rieuce,  in  the  first  case,  the  sensation  of  heat ;  in  the  se- 
cond, of  add.  When  I  put  my  hand  upon  a  hot  iron, 
part  of  the  ocdoric  leaves  the  inm,  and  enters  my  hand; 
this  produces  the  sensation  of  heat.  On  the  contrary^ 
when  I  put  my  hand  upon  a  lump  of  ice,  •  the  caloric  rapidly 
leaves  my  hand,  and  combines  with  the  ice;  this  produces 
the  sensation  of  cdd.  The  sensation  of  heat  is  occasioned 
by  caloric  passing  into  our  bodies.  The  sensation  of  cold 
by  caloric  pasung  out  of  our  bodies.  We  say  that  a  body 
is  hot  when  it  communicates  caloric  to  the  surrounding 
bodies ;  we  call  it  cold  when  it  absorbs  caloric  from  other 
bodies.  The  strength  of  the  sensations  of  heat  and  cold 
depends  upon  the  n^idity  with  which  the  caloric  enters  or 
leaves  our  bodies;  and  this  rapidly  is  proportional  to  the 
difference  of  the  temperature  between  our  bodies  and  the 
hot  or  cold  substance,  and  to  the  conducting  power  of  that 
substance.  The  higher  the  temperature  of  a  body  is,  the 
stronger  a  sensation  of  heat  does  it  communicate ;  and  the 
lower  the  temperature,  the  stronger  a  sensation  of  cold : 
and  when  the  temperature  is  the  same,  the  sensations  de- 
pend upon  the  conducting  power  of  the  substance. 

Thus  what  in  common  language  is  called  cold^  is  nothing 
else  than  the  absence  of  the  usual  quantity  of  caloric 
When  we  say  that  a  substance  is  cold^  we  mean  merely  that 
it  contains  less  calcuric  than  usual,  or  that  its  temperature  is 
lower  than  that  of  our  bodies. 

There  have  been  philosophers,  however,  who  maintained  Coklatcn* 
that  cold  is  produced,  not  by  the  abstraction  of  caloric  M^^ 
merely,  but  the  addition  of  a  positive  something,  of  a  ticks, 
peculiar  body  endowed  with  specific  qualities.     This  was 
maintained  by  Muschenbroeck  and  De  Mairan,  and  seems 
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Book  I.    to  have  been  the  general  opmion  of  philosophers  about  the 
pivision  L  commencement  of  the  18tb  century.    According  to  them, 
^""^^"""^  cold  is  a  substance  of  a  saline  nature,  very  much  resembling 
nitre,  constantly  floating  in  the  air,  and  vrafted  about  by  the 
wind  in  very  minute  corpuscles,  to  which  they  gave  the 
name  of Jrigorific  particles. 
Their  exist-     They  were  induced  to  adopt  this  hypothesis,  because  they 
mred^     could  not  otherwise  account  for  die  freezing  of  water. 
^^  According  to  them,  these  frigorific  particles  inunuate  dienn 

selves  like  wedges  between  the  molecules  of  water,  destroy 
their  mobility,  and  thus  convert  water  into  ice.  Dr.  Bladc^ 
by  discovering  the  cause  of  the  freezing  of  water,  banished 
^e  fiigorific  particles  from  the  regions  of  philosophy; 
because  the  advocates  far  them  never  brought  any  otbor 
proof  for  their  existence  than  the  conveni^ice  with  whidi 
they  accounted  for  certain  appearances.  Of  course,  as 
soon  as  these  appearances  were  explained  without  their  us% 
every  reason  for  supposing  their  existence  was  destroyed* 
The  only  feet  which  gives  any  countenance  to  the  opi- 
nion that  cold  is  a  body,  has  hem  fiimidied  by  the  follow- 
A|iptrent  ing  very  curious  experiment  of  Mr.  Pictet.*  Two  concave 
ndaecttonof  ^  mirrors  being  placed  at  the  distance  of  10^  feet  from 
each  other,  a  very  delicate  air  thermometer  was  put  into 
one  of  the  foci,  and  a  glass  matrass  full  of  snow  into  the 
other.  The  thermometer  sunk  several  d^ees,  and  rose 
again  when  the  matrass  was  removed.     When  nitric  add 

*  This  experiment,  or  at  led^t  a  similar  one,  was  made  long  a^o,  and 
is  found  in  the  Essays  of  the  Academy  del  Ctmento,  translated  by  Wa)* 
ler,in  1684,  p.  103.  The  ninth  experiment,  of  reflected  cold,  it  thm 
related :  "  We  were  willing  to  try,  if  a  concave  glass,  set  before  a  mast 
of  500lb8  of  ice,  made  any  sensible  repercussion  of  cold  upon  a  veiy  nice 
thermometer  of  400  degrees,  placed  in  its  focus.  The  truth  is,  it  inmie- 
diately  began  to  subside ;  but,  by  reason  of  the  nearness  of  the  ice,  it 
was  doubtful  whether  the  direct  or  reflected  rays  of  cold  were  more  effi- 
cacious :  npoD  this  accomt,  we  thought  of  covering  the  glass,  and  (what- 
ever may  be  tlie  cause)  the  spirit  of  wine  did  indeed  presently  bepn  to 
rise;  for  all  this,  we  dare  not  he  positive  but  there  might  be  some  other 
cause  thereof,  besides  the  want  of  the  reflection  from  the  glast,  since  we 
were  deficient  in  making  all  the  trials  necessary  to  clear  the  experiment." 
l*lie  experiment  of  Pictet  appears  likewise  to  have  been  made  by  Andrew 
Gaertner,  Mechanician  to  the  King  of  Poland,  aad  published  by  htni  ill 
1786.    See  Ann.  de  Chim.  Ixxi.  159. 


was  poured  upon  the  snpw  (mbiA  increases  the  cold),  the  Chap.  ii. 
thermometer  sunk  6®  or  6^  lower.    Here  cold  seems  to  hare  ^—^^"^ 
been  emitted  by  the  snow,  and  reflected  by  the  mirrors  to 
the  thermometer,  which  could  not  happen  unless  cold  were 
a  substance. 

But  this  curious  experiment  is  explained  in  a  satisfactory 
manner,  by  applying  to  it  Prevosf  s  theory  of  radiant  heat. 
We  see  from  that  theory  that  the  fall  of  the  thermometer 
is  really  owing  to  a  smaller  proportion  than  usual  of  heat 
being  radiated. 

A  very  great  degree  of  cold  may  be  produced  by  mixing 
together  different  solids,  which  suddenly  become  liquid. 
The  cause  of  this  has  been  already  explained.  But  as  such 
mixtures  are  often  employed  in  chemistry,  in  order  to  be 
able  to  expose  bodies  to  the  influence  of  a  low  temperature^ 
it  will  be  worth  while  to  enumerate  the  different  substances 
which  may  be  employed  for  that  purpose,  and  the  degree  of 
cold  whidi  each  of  them  is  capable  of  producing. 

The  first  person  who  made  experiments  on  freezing  mix-  Of  fntzing 
tures  was  Fahrenheit.  But  the  subject  was  much  more 
completely  investigated  by  Mr.  Walker  in  various  papers 
published  in  the  Philosophical  Transactions  from  1787  to 
1801.  Several  curious  additions  have  been  made  by  Pro^ 
fessor  Lowitz,  particularly  the  introduction  of  muriate  of 
Ume^  which  produces  a  very  great  degree  of  cold  when 
mixed  with  snow.*  The  experiments  of  Lowitz  have  been 
repeated  and  extended  by  Mr.  Walker,  f  The  result 
of  all  these  experiments  Biay  be  seen  in  the  following  tables, 
which  I  tn^scribe  from  a  paper  with  which  I  have  been 
favoured  by  Mr.  Walker. 

*  Ann.  de  Chim.  xxii.  S97.  and  xxix.  S81. 
t  Phil.  Trans.  1801,  p.  ISO. 
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TABLE  I. 
Frigorific  Mixtures  without  Ice. 


Book  I. 
Division  I.                     Brotnttt, 

Decree  of 
cold  pio- 
dooed. 

Pi 

Muriate  of  ammonia  •  • 
Nitrate  of  potash.  •  •  •  • 
Water 

Lft*. 

5 

5 
16 

5 

5 

8 

16 

From  +  50"*  to  +  10^. 

40 

Muriate  of  ammonia .  • 

Nitrate  of  potash 

Sulphate  of  soda.  .... 
Water 

From  +  50°  to  +  4''. 

46 

Nitrate  of  ammonia  . . 
Water 

From  +  50®  to  +  4°. 

46 

Nitrate  of  ammonia  .. 
Carbonate  of  soda. . . . 
Water 

From  +  50''  to  -  1^. 

57 

Sulphate  of  soda 

Diluted  nitric  acid .... 

S 
2 

From  +  50*^  to  -  S"". 

53 

- 

Sulphate  of  soda 

Muriate  of  ammonia  . . 

Nitrate  of  potash 

Diluted  nitric  acid .... 

6 
4 
2 
4- 

From  +  50"^  to  -  10® 

60 

Sulphate  of  soda .  .... 
Nitrate  of  ammonia  . . 
Diluted  nitric  acid .... 

6 
5 

4 

From  +  50°  to  -  14® 

64 

Phosphate  of  soda . .  •  • 
Diluted  nitric  acid .... 

9 

4 

From  +  50®  to  -  12®. 

62 

Phosphate  of  soda  .... 
Nitrate  of  ammonia.  .. 
Diluted  nitric  acid .  • . 

9 
6 

4 

From  +  50®  to  -  21® 

71 

Sulphate  of  soda 

Muriatic  acid 

8 
5 

From  +  50®  to  0®. 

50 

• 

Sulphate  of  soda ..... 
Diluted  sulphuric  acid 

5 

4 

From  +  SO®  to  +  3®. 

47 

N.  B.  If  the  materials  are  mixed  at  a  warmer  temperature  than  that 
expressed  in  the  table,  the  effect  will  be  proportionabiy  greater  ;  thu^  if 
the  most  powerful  of  these  mixtures  be  madei  when  the  air  is  +  85^,  it 
will  siok  the  thermometer  to  -f-  2^ 


TABLK  II. 

Frigoiific  Mixtures  with  Ice. 


Miimtti. 

Th 

Snow,  or  poonded  ice .     2 
Muriate  of  soda I 

i 

1 

r 

to -5°. 

• 

Snow,  or  pounded  ice . 
Muriate  of  soda 

Muriate  of  ammonia.. 

5 

2 
1 

to  -  12°. 

• 

Snow,  or  poundtrd  ice . 

Muriate  of  soda 

Muriate  of  ammoniii . . 
Nitrate  of  potash 

24 
10 
5 

5 

to  -  18°. 

« 

Snow,  or  pounded  ice . 

Muriate  of  soda 

Nitrate  of  ammonia.  .. 

12 

5 
5 

to  -  25". 

• 

Snow 

Diluted  sulphuric  acid 

S 
2 

From  +  32°  to  -  23° 

55 

Snow 

Muriatic  acid 

8 
5 

From  +  32°  to  -  27° 

59 

Snow 

Diluted  nitric  acid  . . . 

7 

4 

From  +  32°  to  -  30° 

62 

Snow 

Muriate  of  lime 

4 

5 

From  +  32°  to  -  40° 

72 

Snow 

ChrysL  muriate  of  lime 

2 
3 

From  +   32°  to  —  50° 

8! 

Snow 

Potash 

4 

From  +  32°  to  —  51° 

S3 

ISS 
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TABLE  III. 

Combinations  of  Frigorific  Mixtures. 


Book  I. 
riiionl. 


Mixtures. 

Thermometer  sinks. 

Degree  of 

cokipfo^ 

dooed. 

Farts. 

Phosphate  of  soda ....     5 
Nitrate  of  ammonia  ..     3 
Diluted  nitric  acid .  •  •     ^ 

From  O""  to  -  34"*. 

34 

Phosphate  of  soda ....     S 
Nitrate  of  ammonia.  ..     2 
Diluted  mixed  acids  . .     4 

Prom  -  34"^  to  -  50^. 

16 

Snow .•• S 

From  0^  to  -  46°. 

Diluted  nitric  acid  ...     2 

46 

Snow 8 

Prom  -  lO''  to  —  56^. 

Diluted  sulphuric  acid  Si 
Diluted  nitric  acid. . .  3  / 

46 

Snow 1 

Diluted  sulphuric  acid      I 

From  +  20°  to  -  60°. 

40 

Snow 3 

Muriate  of  lime 4 

From   +  20°  to  -  48°. 

68 

Snow 3 

Muriate  of  lime 4 

From  +   10°  to  -  54°. 

64 

Snow 2 

Muriate  of  lime 3 

From  -  15°  to  —  68°. 

M 

Snow 1 

Cliryst  muriate  of  lime    2 

From  0°  to  -  66°. 

«6 

Snow 1 

Chryst  muriate  of  lime    3 

From  —  40°  to  —  73^ 

SS 

Snow 8 

D  iluted  sulphuric  acid.  10 

From  -  68°  to  -  91^ 

1 

83 

■BAT.  Ii9 

In  orderto  produce  theie  effiKt%  titut  salts  employed  miMt  6ki|kU. 
be  fresh  crystaUixedy  and  newly  rednoed  to  a  vexy  fine  poir- 
der.  The  vessels  in  which  die  freezing  mixture  is  made 
should  be  very  thin^  and  just  large  enough  to  bold  it,  and 
the  materials  dbould  be  mixed  together  as  quickly  as  possi- 
ble. The  materials  to  be  employed  in  order  to  produce 
great  cold  ought  to  be  first  reduced  to  the  temperature 
marked  in  the  table^  by  placing  them  in  some  of  the  other 
freezing  mixtures.;  and  then  they  are  to  be  mixed  together 
in  a  similar  freezing  mixture.  I^  for  instance^  we  wish  to 
produce  a  cold  =  —  46^^  the  snow  and  diluted  nitric  acid 
ought  to  be  cooled  down  to  0%  by  putting  the  vessel  which 
contains  each  of  them  into  the  fint  freezing  mixture  in  the 
second  table  before  they  are  mixed  tog^er.  If  a  stiU 
greater  cold  is  required,  the  materials  to  produce  it  are  to 
be  brought  to  the  proper  temperature  by  being  previouslj 
placed  in  the  second  fireezing  mixture.  This  process  is  to 
be  continued  till  the  required  degtee  of  eoU  hat  been 
procured.* 


SECT.  VL 

OF  THE  SOURCES  OV  CALORIC 

Having  in  the  preceding  Sections  examined  the  nature 
properties,  and  effects  of  caloric,  as  fiur  as  the  sutgect  has 
been  hitherto  investigated,  it  now  only  remains  for  us  to. 
consider  the  different  methods  by  ^diich  caloric  may  be 
evolved  or  made  sensible,  or  the  di^rent  sources  from 
which  it  may  be  obtained.  These  sources  may  be  reduced 
to  six:  It  radiaies  constantly  from  the  sun;  it  is  evolved 
during  combustion;  and  it  is  extricated  in  many  cases  by 
percussion^  friction,  mixture,  and  dectridty.  The  sources 
of  heat,  then,  are  the  fun,  combus^onj  percussion^  fnctkm^ 
mixture^  eledridhf.  Letm  consider  eadi  of  these  sources 
in  the  order  in  which  we  have  enumerated  them. 

J.  THE  SUN. 

The  sun,  which  constitutes  as  it  were  the  vital  part  of  die  N«tuieof 
whole  solar  system,  is  an  immense  globe,  whose  diameter  ^  *^^ 

•  Walker,  ChiL  Trans,  1795. 
VOL.  I.  X 
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Book  I.    hfls  been  ascertained  by  astronomers  to  be  no  less  than 
Ji];jj^-  888,24f6  miles,  and  which  contains  about  33S,928  times  as 
^^^^""""^  much  matter  as  the  earth.     Philosophers  long  supposed  that 
thb  immense  globe  of  matter  was  undergoing  a  violent 
combustion ;  and  to  this  cause  th^  ascribed  the  immense 
quantity  of  light  and  heat  which  are  constantly  separating 
from  it.     But  the  observations  of  Dr.  Herschel  render  it 
probable  that  this  opinion  is  erroneous.*      From  these 
observations  it  appears,  that  the  sun  is  a  solid  opaque  globe, 
similar  to  tlie  earth  or  other  planets,  and  surrounded  by  an 
atmosphere  of  great  density  and  extent.    In  this  atmos- 
phere there  float  two  regions  of  clouds :  the  lowermost  of 
the  two  is  opaque  and  similar  to  the  clouds  which  form  in 
our  atmosphere ;  but  the  higher  region  of  clouds  is  limii* 
nous,  and  emits  the  immense  quantity  of  L'ght  to  which  the 
splendour  of  the  sun  is  owing.     It  appears,  too,  that  *theie 
luminous  clouds  are  subject  to  various  changes  both  in 
quantity  and  lustre.     Hence  Dr.  Herschel  draws  as  a  con- 
sequence, that  the  quantity  of  heat  and  light  emitted  by  the 
sun  varies  in  different  seasons ;  and  he  supposes  that  this  is 
one  of  the  chief  sources  of  tlie  difference  between  the  tempe- 
ratures of  different  years. 
Solar  lay*        1,  When  the  solar  rays  strike  transparent  bodies,  they 
bSi«m"^  produce  very  little  effect ;  but  opaque  bodies  are  heated  by 
proportion  them.     Hence  it  follows  that  transparent  bodies  allow  these 
^ofthcir  ^y^  ^^  P^^  through  them ;  but  that  they  are  detained,  at 
colour. .     Jeast  in  part,  by  opaque  bodies.     The  deeper  the  colour  of 
the  opaque  body,  the  greater  is  the  rise  of  temperature 
which  it  experiences  from  exposure  to  the  sun's  rays.    It 
has  been  long  known,    that  when  coloured  bodies  are 
exposed  to  the  light  of  the  sun  or  of  combustible  bodies, 
their  temperature  is  raised  in  proportion  to  the  darkness  of 
their  colour.     To  ascertain  this  point,  Dr.  Hooke  made  a 
curious  set  of  experiments,  which  were  repeated  long  after 
by  Dr.  Franklin,     lliis  philosopher  exposed  upon  snow 
pieces  of  cloth  of  different  colours  (white,  red,  blu^  black) 
to  the  light  of  the  sun,  and  foimd  that  they  sunk  deeper, 
and  consequently  acquired  heat,  in  proportion  to  the  dark- 
ness of  their  colour.     This  experiment  has  been  repeated 
with  more  precision  by  Davy.     He  exposed  to  the  light  six 

♦  Phil.  Trans.  1801,  p.  265. 
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^ual  pieces  of  copper  painted  white,  yellow,  red,  green,  Chap,  ii.^ 
blue,  and  black,  in  such  a  manner  that  only  one  side  of  the 
pieces  was  illuminated.  To  the  dark  side  of  each  was 
attached  a  bit  of  cerate,  which  melted  when  heated  to  70°. 
The  cerate  attached  to  the  blackened  copper  became  first 
fluid,  that  attached  to  the  blue  next,  then  that  attached  to 
the  green  and  red,  then  that  to  the  yellow,  and  last  of  all, 
that  attached  to  the  white.*  Now  it  is  well  known  that 
dark  coloured  bodies,  even  when  equally  exposed  to  the 
light,  reflect  less  of  it  than  tliose  which  are  light  coloured ; 
but  since  the  same  quantity  falls  upon  each,  it  is  evident 
that  dark-coloured  bodies  must  absorb  and  retain  more  of 
it  than  those  which  are  light-coloured.  That  such  an 
absorption  actually  takes  place  is  evident  from  the  following 
experiment  Mr.  Thomas  Wedgewood  placed  two  lumps 
of  luminous  or  phosphorescent  marble  on  a  piece  of  iron 
heated  just  under  redness.  One  of  the  lumps  of  marble 
which  was  blackened  over  gave  out  no  light ;  the  other  gave 
ont  a  great  deal.  On  being  exposed  a  second  time  in  the 
same  manner,  a  &int  light  was  seen  to  proceed  from  the 
clean  marble,  but  none  at  all  could  be  perceived  to  come 
from  the  other.  The  black  was  now  wiped  off,  and  both 
the  lumps  of  marble  were  again  placed  on  the  hot  iron : 
The  one  that  had  been  blackened  gave  out  just  as  litde 
light  as  the  other.f  In  this  case,  the  light  which  ought  to 
have  proceeded  from  the  luminous  marble  disappeared :  it 
must  therefore  have  been  stopped  in  its  passage  out,  and 
retained  by  the  black  paint.  Now  black  substances  are 
those  which  absorb  the  most  light,  and  they  are  the  bodies 
which  are  most  heated  by  exposure  to  light  Cavallo 
observed,  that  a  diermometer  with  its  bulb  blackened  stands 
higher  than  one  which  had  its  bulb  clean,  when  exposed  to 
the  light  of  the  sun,  the  light  of  day,  or  the  light  of  a  lamp.f 
Mr.  Pictet  made  the  ^me  observation,  and  took  care  to 
ascertain,  that  when  the  two  thermometers  were  allowed  to 
remain  for  some  time  in  a  dark  place,  they  acquired  pre- 
cisely the  same  height.  He  observed,  too,  that  when  both 
thermometers  had  been  raised  a  certain  number  of  degrees, 
the  clean  one  fell  a  good  deal  faster  tlian  the  other.  $ 

•  Beddoe's  Contributions,  p.  4.  t  Ph*»l-  Trans.  1792. 

t  PhiL  Tnun.  1780.  §  Sur  lo  Feu,  chap.  if. 
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Book  I.  ^«  The  temperatare  produced  in  bodies  by  the  direct 
pYiiionL  action  of  the  sun's  rays  seldom  exceeds  120^ ;  but  a  much 
^T"^^^^*^  higher  temperature  would  be  produced  if  we  were  to  prerent 
duced  by  the  beat  communicated  from  being  carried  off  by  tha  sar- 
the  imyt  of  roundimr  bodies.    Mr.  Saussure  made  a  little  box.  lined 

tbc  sun*  ^^ 

with  fine  dry  cork,  the  surfiice  of  which  was  charred  to 
make  it  black  and  spongy,  in  order  that  it  might  absorb  the 
greatest  possible  quantity  of  the  sun's  rays,  and  be  as  bud  a 
conductor  of  caloric  as  possible.  It  was  covered  with  a  this 
glass  plate.  When  this  box  was  set  in  the  sun's  ray%.a 
thermometer  laid  in  the  bottom  of  it  rose  in  a  few  minutes 
to  221^;  while  the  temperature  of  the  atmoq)here  was  OP!ty 
75^.*  Professor  Robison  constructed  an  apparatus  of  the 
same  kind,  employing  three  very  thin  vessels  of  flint  glasib 
which  transmit  more  caloric  than  any  of  the  other  species  d 
glass.  They  were  of  the  same  shape,  arched  above,  with 
an  interval  of  -J-  inch  between  them.  They  were  set  on  a 
cork  base  prepared  like  Saussure's,  and  placed  on  dowa 
contained  in  a  pasteboard  cylinder.  With  this  apparatus 
the  thermometer  rose  often  in  a  dear  summer  day  to  930% 
and  once  to  237%  Even  when  set  before  a  bright  fir^  the 
thermometer  rose  to  SlS^.f 
By  burning  3.  Such  is  the  temperature  produced  by  the  direct  rays  of 
gUsacf.  ^j^^  ^^^^  g^^  when  its  rajrs  are  concentrated  by  a  burning-- 
glass, they  are  capable  of  setting  fire  to  combustibles  with 
ease,  and  even  of  producing  a  temperature  at  least  as  greatf 
if  not  greater,  than  what  can  be  procured  by  the  most 
violent  and  best  conducted  fires.  In  order  to  produce  this 
effect,  however,  they  must  be  directed  upon  some  body 
capable  of  absorbing  and  retaining  them ;  for  when  they  are 
concentrated  upon  transparent  bodies,  or  upon  fluids^  mere 
air  for  instance,  they  produce  little  or  no  effect  whatever. 

Count  Rumford  has  shown  by  direct  experiment,  that  the 
heating  power  of  the  solar  rays  is  not  increased  by  conoen- 
tratuig  diem  into  a  focus,  but  that  the  intensity  of  tfaw 


*  Voyages  sur  les  Alpes,  ii.  932. 

t  Black's  Lectares,  i.  547*  When  the  apparatus  was  carried  toadanp 
cellar  before  the  glasses  were  pat  in  their  places,  so  that  the  air  witlmi 
was  moist,  the  thermometer  never  rose  above  208^.  Hence  Dr.  RolMioa 
concluded,  the  moist  air  coadacts  better  than  dry;  a  ooDduiioo  fiiliy 
firmed  by  the  subsequent  experiments  of  Count  Romlbrd. 
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action  is  occasioned  bj  a  greater  number  of  them  being  Chap.  ll. 
brought  to  bear  upon  the  same  point  at  once.*  ^  '  v  ■■^ 

4.  These  facts,  which  have  been  long  known,  induced 
philosophers  to  infer,  that  the  fixation  of  light  in  bodies 
always  raises  their  temperatore.  On  the  other  hand,  it  was 
known  that  the  fixadon  of  a  certain  quantity  of  caloric 
always  occasions  the  appearance  of  light ;  for  when  bodies 
are  raised  to  a  certain  temperature  th^  always  become  red 
hot.  Hence  it  was  concluded  that  light  and  caloric  re- 
ciprocally erolre  each  other ;  and  this  was  explained  by 
supposing  .that  they  have  the  property  of  repelling  each 
other. 

But  some  of  the  recent  experiments  related  in  a  preced- 
ing part  of  this  chi^ter  seem  to  render  it  rather  probable 
that  heat  and  light  are  modifications  of  the  same  matter, 
and  that  it  is  susceptible,  by  means  which  at  present  we  are 
incapable  of  fiilly  appreciating,  of  assuming  either  the 
modification  to  which  we  give  the  name  of  light,  or  that 
which  we  call  heat. 

II.  COBffBUSTION. 

There  is  perhaps  no  phenomenon  more  wonderful  in  Pbenoocnt 
itself  more  interesting  on  account  of  its  utility,  or  which  ^1^^^^°^"^ 
has  more  closely  occupied  the  attention  of  chemists,  than 
annbusHon.  When  a  stone  or  a  brick  is  heated,  it  under- 
goes no  change  except  an  augmentation  of  temperature; 
and  when  left  to  itself  it  soon  cools  again  and  becomes  as  ' 
at  first.  But  with  combustible  bodies  the  case  is  very  dif- 
ferent. When  heated  to  a  certain  degree  in  the  open  air^ 
they  suddenly  become  much  hotter  of  themselves,  continue 
for  a  considenrable  time  intensdy  hot,  sending  out  a  copious 
stream  of  caloric  and  light  to  the  surrounding  bodies. 
This  emission,  after  a  certain  period,  begins  to  diminish, 
a|id  at  last  ceased  altogether.  The  combustible  has  now 
undergone  a  most  complete  change;  it  is  converted  into  a 
substance  possesnng  very  different  properties,  and  no  longer 
capable  of  combustion.  Thus  when  charcoal  is  kept  for 
some  time  at  the  temperature  of  about  800^,  it  kindles,  be- 
comes  inteosdy  hot,  and  continues  to  emit  light  and  caloric 

^  Jour,  de  Pbjs.  Ixi.  33. 
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Book  I.  for  a  long  time.  When  the  emission  ceases,  the  charcoal 
Dtvisionl.  jj^^  j^jj  disappeared,  except  an  inconsiderable  residomn  of 
^"^^^^  ashes ;  being  almost  entirely  converted  into  carbomc  acid 
gas,  which  makes  its  escape  miless  the  experiment  be  conr 
ducted  in  proper  vessels.  If  it  be  collected,  it  is  found  to 
exceed  greatly  in  weight  the  whole  of  the  charcoal  con« 
sumed. 

1.  The  first  attempt  to  explain  combustion  was  cmde 
and  unsatisfactory.  A  certain  elementary  body,  called 
fire  J  was  supposed  to  exist,  possessed  of  the  property  of  de* 
vouring  certain  other  bodies,  and  converting  them  into 
itself.  When  we  set  fire  to  a  grate  fiill  of  charcoal,  we  briiif^ 
according  to  this  hypothesis^  a  small  portion  of  the  el^nent 
of  fire,  which  immediataly  begins  to  devour  the  charcoal, 
and  to  convert  it  into  fire.  Whatever  part  of  the  charcoal 
is  not  fit  for  being  the  food  of  fire  is  left  behind  in  the  form 
of  ashes. 
Hooke*8  2.  A  much  more  ingenious  and  satisfactory  hypothesii 

combust'    was  proposed  in  1665  by  Dr.  Hooke.    According  to  thii 
tioQ.  extraordinary  man,  there  exists  in  common  air  a  certain 

substance  which  is  like,  if  not  the  very  same  with,  that  whidi 
is  fixed  in  saltpetre.  This  substance  has  the  property  of 
dissolving  all  combustibles ;  but  only  when  their  tempera^ 
ture  is  considerably  raised.  The  solution  takes  place  with 
such  rapidity,  that  it  occasions  both  heat  and  light ;  which 
in  his  opinion  are  mere  motions.  The  dissolved  substance 
is  partly  in  the  state  of  air,  partly  coagulated  in  a  liquid  or 
solid  form.  The  quantity  of  this  solvent  present  in  a  given 
bulk  of  air  is  incomparably  less  than  in  the  same  bulk  of 
saltpetre.  Hence  the  reason  that  a  combustible  continues 
burning  but  for  a  short  time  in  a  given  bulk  of  air:  the 
solvent  is  soon  saturated,  and  then  of  course  the  combus- 
tion is  at  an  end.  Hence  also  the  reason  that  combustion 
succeeds  best  when  there  is  a  constant  supply  of  firedi  air^ 
and  that  it  may  be  greatly  accelerated  by  forcing  in  air  with 
bellows.* 
Adopted  by  About  ten  years  after  the  publication  of  Hookers  MicrO' 
^^°^  graphia^  his  theory  was  adopted  by  Mayow,  without  ac- 
knowledgment, in  a  tract  which  he  published  at  Oxford  oa 
saltpetre.t     We  are  indebted  to  him  for  a  number  of  very 

*  Hook's  Micrographia,  p.  103.    See  also  his  Lampas. 
t  De  Sal-nitro  et  Spiritu  Nitro-aereo. 
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higenioiB  and  important  experiments,  in  which  he  antici-  Chap.  ii. 
pated  several  modem  chemical  philosophers;  but  his  reason- 
ing is  for  the  most  part  absurd,  and  the  additions  which  he 
made  to  the  theory  of  Hooke  are  exceedingly  extravagant. 
To  the  solvent  of  Hocke  he  gives  the  name  of  spiritus 
nitrO'aereus.  It  consists,  he  supposes,  of  very  minute  par- 
ticles, which  are  constantly  at  variance  with  the  particles  of 
combustibles,  and  from  dieir  quarrels  all  the  changes  of 
things  proceed.  Fire  consists  in  the  rapid  motion  of  these 
particles,  heat  in  their  less  rapid  motion.  The  sun  is 
merely  oitro-aerial  particles  moving  with  great  rapidity. 
They  fill  all  space.  Their  motion  becomes  more  languid 
according  to  their  distance  from  the  sun ;  and  when  tliey 
approach  near  the  earth,  they  become  pointed,  and  consti- 
tute cold.* 

3.  The  attention  of  chemical  philosophers  was  soon  Tbeoiyof 
drawn  away  from  the  theorj'  of  Hooke  and  Mayow  to  one  ®^^* 
of  a  very  different  kind,  first  proposed  by  Beccher,  but 
new-modcUed  by  his  disciple  Stahl  with  so  much  skill,  ar- 
ranged in  such  an  elegant  systematic  form,  and  fiu'nished 
with  such  numerous,  appropriate,  and  convincing  illustra- 
tions^ that  it  almost  instantly  caught  the  &ncy,  raised 
Stahl  to  the  highest  rank  among  philosophers,  and  con- 
stituted him  the  founder  of  the  Stahlian  theory  of  com» 
bustion. 

According  to  Stahl,  all  combustible  substances  contain  in 
them  a  certain  body,  known  by  the  name  of  Phlogiston, 
to  which  they  owe  their  combustibility.  This  substance  is 
precisely  the  same  in  all  combustibles.  These  bodies  of 
course  owe  their  diversity  to  other  ingredients  which  they 
contain,  and  with  which  the  phlogiston  is  combined. 
Combustion,  and  all  its  attendant  phenomena,  depend  upon 

*  Though  Majow's  theory  was  not  original,  and  though  his  additions  ' 
to  it  be  absurd,  his  tract  itself  displays  great  genius,  and  contains  a  vast 
Dumber  o^new  views,  which  have  been  fully  confinned  by  the  recent  dis- 
coveries in  chemistry.  He  pointed  out  the  cause  of  the  increase  of  weight 
in  metals  when  calcined ;  be  ascertained  the  changes  produced  upon  air 
by  respiration  and  combustion ;  and  employed  in  his  researches  an  appa- 
ratus similar  to  the  present  pneumatic  apparatus  of  chemists.  Perhaps 
the  most  curious  part  of  the  whole  treatise  is  his  fourteenth  chapter,  in 
which  he  displays  a  much  more  accurate  knowledge  of  <i/^m7ief^  than  any 
of  his  contemporaries,  or  even  successors  for  many  yi^rs. 
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Book  L  the  separatum  and  diaaipation  of  this  principle!  and  when 
iMvisionj.  j^  '^  qq^  separated^  the  renumader  of  the  body  is  inoombnati* 
ble.  Phlogiston,  according  to  Stahl,  is  peculiarly  dispoaed 
to  be  affected  by  a  violent  mdiirling  motioo.  Tlie  heat  and 
the  light,  which  make  their  i^pearance  during  combostioiif 
are  merely  two  properties  of  phlogiston  when  in  this  stale 
of  violent  agitation. 
Improved.  4.  The  cdebrated  Macquer  was  one  of  the  first  persona 
who  perceiyed  a  striking  defect  in  this  theory  of  SlahL 
Sir  Isaac  Newton  had  proved  that  light  is  a  body;  it  was 
absurd,  thereforp^  to  make  it  a  mere  property  of  jdilogiatai 
or  the  dement  of  fire.  Macquer  accordingly  considend 
phlogiston  as  nothing  else  but  lig^t  fixed  in  bodies.  This 
opinion  was  embraced  by  a  great  number  of  the  most  dis* 
tinguished  chemists ;  and  many  ingenious  argumenu  were 
brought  Ibrward  to  prove  its  truth.  But  if  phlogiston  be 
only  light  fixed  in  bodies,  whence  comes  tfie  heat  that 
manifests  itself  during  combustion  ?  Is  this  heat  merely  a 
proper^  of  light?  Dr.  Black  proved  that  heat  is  capa* 
ble  of  combining  with,  or  becoming  fixed  in  bodies 
which  are  not  combustible,  as  in  ice  or  water;  and  con- 
cluded of  course,  that  it  is  not  a  property  but  a  body. 
This  obliged  philosophers  to  take  another  view  of  the  natnre 
of  phlogiston. 

5.  According  to  them,  there  exists  a  peculiar  matter, 
extremely  subtUe,  capable  of  penetrating  the  densest  bodies, 
astonishingly  elastic,  and  tlie  cause  of  heat,  light,  mag- 
netism, electricity,  and  even  of  gravitation.  This  matter, 
the  ether  of  Hooke  and  Newton,  is  also  the  substance 
called  phlogiston,  which  exists  in  a  fixed  state  in  combusti- 
ble bodies.  When  set  at  liberty,  it  gives  to  the  substances 
called  caloric  and  light  those  peculiar  motions  which  pro- 
duce in  us  the  sensations  of  heat  and  light  Hence  the  appear- 
ance of  caloric  and  light  in  every  case  of  combustion ;  henoe^ 
too^  the  reason  that  a  body  after  combustion  is  heaviar  than 
it  was  before ;  for  as  phlogiston  is  itself  the  cause  of  gravHa* 
tion,  it  would  be  absurd  to  suppose  that  it  possesses  gravita- 
tion. It  is  more  reasonable  to  consider  it  as  endowed  widi 
a  principle  of  levity. 
Modififdby  6.  Some  time  after  this  last  modification  of  the  phlogia- 
PneiUej.  ^^  theory,  Dr.  Priestley,  who  was  rapidly  extending  the 
boundaries  of  pneumatic  chemistry,  repei^ted  many  expe- 
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rimenti  formerly  mode  on  oombustioii  by  Hooke,  Mayow,  chtp.  IL 
Boyle,  and  Hides,  besides  adding  many  of  his  own.  He  ^*^<*^ 
soon  fomid,  as  they  had  done  before  him,  that  the  air  in 
which  combustibles  had  been  sa£S»^  to  bum  till  they  were 
extinguished^  had  undergone  a  very  remaricable  change; 
for  no  combustitde  would  afterwards  bum  it,  and  no  am« 
mal  could  breathe  it  without  suffocation.  He  concluded 
that  this  change  was  owing  to  phlogiston ;  that  the  air  had 
combined  with  that  substance;  and  that  air  is  necessary  to 
combustion,  by  attracting  the  phlogiston,  for  which  it  has 
a  strong  a£Bnity.  If  so^  the  origin  of  the  heat  and  light 
which  appear  during  combustion  remains  to  be  accounted 
for;  since  phlogiston,  if  it  separates  from  the  combustible 
merely  by  combining  with  air,  cannot  surely  act  upon  those 
bodies  in  whatsoever  state  we  may  suppose  them. 

7.  The  celebrated  Dr.  Crawford  was  the  first  person  who  By  Cnw^ 
attempted  to  solve  this  difficulty,  by  applying  to  the  theory  ^^ 

of  combustion  Dr.  Black's  doctrine  of  latent  heat.  Ac* 
cording  to  him,  the  phlogiston  of  the  combustible  combines 
during  combustion  with  the  ur,  and  at  the  same  time  se- 
parates the  caloric  and  light  with  which  that  fluid  had  been 
previously  united.  The  heat  and  the  light,  then,  which 
appear  during  combustion,  exist  previously  in  the  air. 
This  theory  was  very  different  from  Stahl's,  and  certainly 
a  great  deal  more  satisfactory.  But  still  the  question^ 
What  is  phlogiston  ?  remained  to  be  answered. 

8.  Mr.  Kirwan,  who  had  already  raised  himself  to  the  And  Kir 
first  rank  among  chemical  philosc^hers,  by  many  ingenious  ^^^^ 
investigations  of  some  of  the  most  difficult  parts  of  the 
science,  attempted  to  answer  this  question,  and  to  prove 

that  phlogiston  is  the  same  with  hydrogen.  This  opinion, 
which  Mr.  Kirwan  informs  us  was  first  suggested  by  the 
discoveries  of  Dr.  Priestley,  met  with  a  very  fitvourable  re- 
ception Srom  the  chemical  world,  and  was  adopted  either 
in  its  fiill  extent,  or  with  certain  modifications,  by  Berg- 
)nan,  Morveau,  Crell,  Wiegleb^  Westrumb,  Herrobstadty 
Karsten,  Bewley,  Priestley,  and  Delametherie.  The  ob- 
ject of  Mr.  Kirwan  was  to  prove,  that  hydrogen  exists  as 
a  component  part  of  every  combustible  body ;  that  during 
combustion  it  separates  from  the  combustible  body,  and 
combines  with  the  oxygen  of  the  air.    This  he  attemptsd 
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Book  I.    in  a  treatise  published  on  purpose^  intitled^  An  Essay  0« 

^^^1^^^  Phlogiston  and  the  Constitution  of  Adds* 

Hefuted  bj      ^*  During  these  different  modifications  of  the  Stahlian 

Lavoifticr.    theory,  the  illustrious  Lavoisier  was  assidnously  occupied 

in  studying  th#  phenomena  of  combustion.    He  seems  to 

have  attached  himself  to  this  subject,  and  to  have  seen  the 

defects  of  the  prevailing  theory  as  early  as  1770.     The  first 

precise  notions,  however,  of  what  might  be  the  real  nature 

of  combustion,  were  suggested  to  him  by  Bayen's  paper 

•  I  have  omitted,  in  the  historical  view  given  in  the  text,  the  hypo- 
-  thesis  published  in  1777  by  Mr.  Scheele,  one  of  the  most  extraordinarj 
men  that  ever  existed.  When  very  young,  he  was  bound  apprentice  to 
an  apothecary  at  Gottenburgh,  where  he  first  felt  the  impulse  of  that  ge- 
nius which  afterwards  made  him  so  conspicuous.  He  durst  not  indeed 
devote  himself  openly  to  chemical  experiments ;  but  he  contrived  to  make 
himself  master  of  that  science  by  devoting  those  hours  to  study  which 
were  assigned  him  for  sleep.  He  afterwards  went  to  Sweden,  and  settled 
as  an  apothecary  at  Kopini;.  Here  Bergman  first  found  him,  saw  bii 
merit,  and  encouraged  it,  adopted  his  opinions,  defended  him  with  zeal, 
and  took  upon  himself  the  charge  of  publishmg  his  treatises.  Encouraged 
and  excited  by  this  magnanimous  conduct,  the  genius  of  Scheelc,  thougfi 
unassisted  by  education  or  wealth,  burst  forth  with  astonishing  lustre ; 
and  at  an  age  when  most  pliilosophers  are  only  rising  into  notice,  he  had 
finished  a  career  of  discoveries  which  have  no  parallel  in  the  annals  of 
chemistry.  Whoever  wishes  to  behuld  ingenuity  combined  with  simpli^ 
city,  whoever  wishes  to  see  the  inexhaustible  resources  of  chemical  ana- 
lysis ;  whoever  wishes  for  a  model  in  chemical  researches— *has  only  to 
peruse  and  to  study  the  works  of  Schcele. 

In  1777,  Schcele  published  a  treatise,  entitled  Chemical  Experiments 
on  Air  and  Fire,  which  perhaps  exhibits  a  more  striking  display  of  the  ex- 
tent of  his  genius  than  all  his  other  publications  put  together.  After  a 
▼ast  number  of  experiments,  conducted  with  astonishing  ingenuity,  he 
concluded,  that  caloric  is  composed  of  a  certain  quantity  of  oxygen  com* 
bined  with  phlogiston ;  that  radiant  heat,  a  substance  which  he  supposed 
capable  of  being  propagated  in  straight  lines  like  light,  and  not  capable 
of  combining  with  air,  is  composed  of  oxygen  united  with  a  greater  quan-> 
tity^of  phlogiston,  and  light  of  oxygen  united  with  a  still  greater  quan- 
rity.  He  supposed,  too,  that  the  difference  between  the  rays  depends 
upon  the  quantity  of  phlogiston :  the  red,  according  to  him,  contains  tba 
least;  the  violet  the  most  phlogiston.  By  phlogitton,  Mr.  Scheelc 
seems  to  have  meant  hydrogen.  It  is  needless  therefore  to  examine  hiii 
theory,  as  it  is  now  known  that  the  combination  of  hydrogen  and  oxygeq 
forms  not  caloric  but  water.  Tlie  whole  fabric,  therefore,  has  tumbled 
to  the  ground ;  but  the  importance  of  the  materials  will  always  be  rd* 
mired,  and  the  ruins  of  the  structure  must  remain  eternal  monunieiiti  of 
the  genius  of  the  builder. 


HEAT.  159 

on  the  oxides  of  mercury,  which  he  heard  read  before  the  Chap.  ii. 
Academy  of  Sciences  in  1774.  These  first  notions,  or 
rather  conjectures,  he  pursued  with  unwearied  industry, 
assisted  by  the  numerous  discoveries  which  were  pouring 
in  from  all  quarters ;  and  by  a  long  series  of  the  most  la- 
borious and  accurate  experiments  and  disquisitions  ever  ex- 
hibited in  chemistry,  he  fiilly  established  the  existence  of 
this  general  law — ^  In  every  case  of  combustion,  oxygen 
combines  with  the  burning  body."  This  noble  discovery, 
the  fruit  of  genius,  industry,  and  penetration,  has  reflected 
new  light  on  every  branch  of  chemistry,  has  connected  and 
explained  a  vast  number  of  facts  formerly  insulated  and  in- 
explicable, and  has  new-modelled  the  whole,  and  moulded 
it  into  the  form  of  a  science. 

After  Mr.  Lavoisier  had  convinced  himself  of  the  exist- 
ence of  this  general  law,  and  had  published  his  proofs  to 
the  world,  it  was  some  time  before  he  was  able  to  gain  a 
single  convert,  notwithstanding  his  unwearied  assiduity, 
and  the  great  weight  which  his  talents,  his  reputation,  hie 
fortune,  and  his  situation  naturally  gave  him.  At  last  Mr. 
BerthoUet,  at  a  meeting  of  the  Academy  of  Sciences  in 
1785,  solemnly  renounced  his  old  opinions,  and  declared 
himself  a  convert.  Mr.  Fourcroy,  professor  of  chemistry 
in  Paris,  followed  his  example.  And  in  1787,  Morveau, 
during  a  visit  to  Paris,  was  prevailed  upon  to  relinquish 
his  former  opinions,  and  embrace  those  of  Lavoisier  and 
his  friends.  The  example  of  these  celebrated  men  was 
soon  followed  by  all  the  young  chemists  of  France. 

Mr.  Lavoisier's  explanation  of  combustion  depends  upon 
the  two  laws  discovered  by  himself  and  Dr.  Black.  When 
a  combustible  body  is  raised  to  a  certain  temperature^  it 
begins  to  combine  with  the  oxygen  of  the  atmosphere^  and 
this'  oxygen  during  its  combination  lets  go  the  caloric  and 
light  with  which  it  was  combined  while  in  the  gaseous  state. 
Hence  their  appearance  during  every  combustion.  Hence 
also  the  change  which  the  combustible  undergoes  in  con- 
sequence of  combustion. 

Thus  Lavoisier  explained  combustion  without  haying  re- 
couiBe  to  phlogiston ;  a  principle  merely  supposed  to  exist, 
because  combustion  could  not  be  explained  without  it.  No 
chemist  had  been  able  to  exhibit  phlogiston  in  a  separate 
state,  or  to  ^ve  any  proof  of  its  existence^  excepting  only 
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Book  I.  itM  eonveniency  in  explaining  combustion.  The  proof  of 
y^^^i^!'  its  existence  consisted  entirely  in  the  impossibili^  of  ex- 
plaining combustion  without  it  Mr.  Layoisier,  therefore, 
by  giving  a  satis&ctory  explanation  of  combusticm  without 
luiving  recourse  to  phlogiston,  proved  that  there  was  no 
reason  for  supposing  any  such  principle  at  all  to  exist. 

10.  But  the  hypothesis  of  Mr.  Kirwan,  who  made  fhlo' 
giston  the  same  with  hydrogen,  was  not  overturned  by  this 
explanation,  because  there  could  be  no  doubt  that  such  a 
Substance  as  hydrogen  actually  exists.  But  hydrogen,  if  it  be 
phlogiston,  must  constitute  a  component  part  of  every 
combustible^  and  it  must  separate  firom  the  combustible  in 
every  case  of  combustion.  These  were  points,  accordingly, 
whidi  Mr.  Kirwan  undertook  to  prove.  If  he  fidled,  or 
if  the  very  contrary  of  his  suppositions  holds  in  fiict,  his 
hypothesis  of  course  fell  to  the  ground. 

Lavoisier  and  his  associates  saw  at  once  the  important 
uses  which  might  be  made  of  Mr.  Kirwan's  essay.  By  re* 
fitting  an  hypothesis  which  had  been  embraced  by  the  most 
Respectable  chemists  in  Europe,  their  cause  would  receive 
an  eclat  which  would  make  it  irresistible.  Accordingly  the 
essay  was  translated  into  French,  and  each  of  the  sections 
into  which  it  was  divided  was  accompanied  by  a  refutation. 
Four  of  the  sections  were  refuted  by  Lavoisier,  three  by 
BerthoUet,  three  by  Fourcroy,  two  by  Morveau,  and  one 
by  Monge.  And,  to  do  the  French  chembts  justice^  never 
was  there  a  refutation  more  complete.  Mr.  Kirwan  himsd^ 
with  that  candour  which  distinguishes  superior  minds,  gave 
up  his  opinion  as  untenable,  and  declared  himself  a  convert 
to  the  opinion  of  Lavoisier. 

11.  Thus  Mr.  Lavoisier  destroyed  the  existence  of  phlo* 
giston  altogether,  and  established  a  theory  of  combustion 
almost  precisely  similar  to  that  which  had  been  proposed 
long  ago  by  Dr.  Hooke.  The  theory  of  Hooke  is  only 
expressed  in  general  terms ;  that  of  Lavoisier  is  much 
more  particular.  The  first  wns  a  hypothesis  or  fortunate 
conjecture  which  the  infant  state  of  the  science  did  not 
enable  him  to  verify;  whereas  Lavoisier  was  led  to  his  con- 
clusions by  accurate  experiments  and  a  train  of  ingenioi|S 
and  masterly  deductions. 
Theory  of  According  to  the  theory  of  Lavoisier,  which  is  now  al- 
voisier.    Yj^Qgi  generally  received,  and  considered  by  chemists  a  fuB 
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explanation  of  the  phenomena)  combiution  oonsista  in  two  Chap.  ll. 
things:  first,  a  decomposition;  second,  •  combination.  ^^-""V^*^ 
The  oxygen  of  the  atmosphere  bdng  in  the  state  of  gas, 
is  combined  with  caloric  and  light.  During  combustion 
this  gaa  is  decomposed^  its  caloric  and  light  escape,  while  ita 
base  combines  with  the  combustible  and  forms  the  product. 
This  product  is  incombustible;  because  its  base,  being 
already  saturated  with  oxygen,  cannot  combine  with  any 
more.  Such  ia  a  short  historical  detail  of  the  improrements 
gradually  introduced  into  thb  interesting  part  of  the  science 
of  chemistry*  Let  us  now  take  a  more  particular  view  of 
the  subject. 

12.  By  combusticm  is  meant  a  total  change  in  the  nature 
of  combustible  bodies,  accompanied  by  the  copious  emission 
of  heat  and  light  Every  theory  of  combustion  must  ao» 
count  for  these  two  things ;  namely,  the  change  which  the 
body  undergoes,  and  the  emissicm  of  heat  and  light  which 
accompanies  this  change. 

IS.  Mr.  LAVoisier  explained  completely  the  first  of  these  iXfferenee 
phenomena,  by  demonstrating,   that  in  all  cases  oxygen  ^^^ 
combines  with  the  burning  body ;  and  that  the  substance  tncm  tnd 
which  remains  behind,  after  combustion,  is  the  compound  ^^^^ 
formed  of  the  combustible  body  and  oxygen.    But  he  did 
not  succeed  so  well  in  accounting  for  the  heat  and  the  light 
which  are  evolved  during  combustion.    Indeed  this  part  of 
the  subject  was  in  a  great  measure  overlooked  by  him.    The 
combination  of  oxygen  waa  considered  as  the  important  and 
essential  part  of  the  process.    Hence  his  followers  consi- 
dered the  terms  oxygenixemerU  and  combustion  as  synony* 
xnpus:  but  this  was  improper;  because  oxygen  often  unites 
to  bodies  without  any  extrication  of  heat  or  light    In  this 
way  it  imites  to  azotes  chlorine^  and  mercury ;  but  the  ex- 
trication of  heat  and  light  is  considered  as  essential  to  com« 
bustlon  in  common  language.    The  union  of  oxygen  with<» 
out  that  extrication  ia  very  different  fit»n  its  union  when 
accompanied  by  it,  both  in  the  phenomena  and  in  the  pro* 
duct;  they  ought  therefore  to  be  distinguished.    I  employ 
the  term  combustion  in  this  work  in  its  usual  acceptation. 

14.  To  account  for  the  emission  of  heat  and  light,  which  Difflcnlcy 
constitutes  a  part  of  combustion,  Mr.  Lavoisier  had  re- 1|^''^'*"^ 
course  to  the  theory  of  Dr.  Crawford.    The  heat  and  the  of  the  beat 
light  was  combined  with  the  oxygen  gas,  and  s^rated*^^^ 
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Book  I.  from  it,  when  that  gas  united  to  the  combustible  body« 
Division  I,  3^^  ^jjjg  eqplanation,  though  it  answers  pret^  well  m  com- 
mon cases,  fails  altogether  in  others.  Heat  and  light  were 
supposed  to  be  combined  with  the  oxygen  of  the  atmos- 
phere^ because  it  is  in  a  gaseous  state;  and  to  separate 
from  it,  because  it  loses  its  gaseous  state.  But  as  violent 
combustions  take  place  when  the  oxygen  employed  is  solid 
or  liquid,  as  when  it  is  in  the  state  of  a  gas.  Thus  if  nitric 
acid  be  poured  upon  linseed  oil,  or  oil  of  turpentine,  a 
Tery  rapid  combustion  takes  place,  and  abundance  dP  ca- 
loric and  light  is  iemitted*  Here  the  oxygen  forms  a  part 
of  the  liquid  nitric  acid,  and  is  already  combined  with 
azote ;  or,  according  to  the  language  of  the  French  che- 
mists, the  azote  has  undergone  coniustion*  Now,  in  this 
case,  the  oxygen  is  not  only  in  a  liquid'  state^  but  it  has 
also  undergone  the  change  produced  by  combustion.  So 
that  oxygen  is  capable  of  giving  out  caloric  and  light,  not 
only  when  liquid,  but  even  after  combustion ;  which  is  di- 
rectly contrary  to  the  theory. 

Farther;  gunpowder,  when  kindled,  bums  with  great 
*  rigidity  in  close  vessels,  or  under  an  exhausted  receiver. 
This  substance  is  composed  of  nitre^  charcoal,  and  sulphur : 
the  two  last  of  which  ingredients  are  combustible :  the  first 
supplies  the  oxygen,  being  composed  of  nitric  acid  and 
potash.  Here  the  oxygen  is  not  only  already  combined 
with  azote,  but  fprms  a  component  part  of  a  solid  ;  yet  a 
greater  quantity  of  caloric  and  light  is  emitted  during  the 
combustion,  and  almost  the  whole  product  of  the  combus- 
tion is  in  the  state  of  gas.  This  appears  doubly  incon- 
sistent with  the  theory ;  for  the  caloric  and  light  must  be 
supposed  to  be  emitted  from  a  solid  body  during  its  con- 
version into  gas,  which  ought  to  require  more  caloric  and 
light  for  its  existence  in  the  gaseous  state  than  the  solid 
itself  contained. 
Removed  15.  Mr.  Brugnatelli,  the  celebrated  professor  of  che- 
teUi\^"^*'  mistry  at  Pavia,  seems  to  have  been  the  first  who  saw  this 
objection  in  its  proper  light*  He  has  endeavoured  to  ob- 
viate it  in  the  following  manner:  according  to  this  very 

*  Berthollet,  in  a  note  upon  this  passage  in  the  first  edition  of  this 
Worky  informs  us  that  the  subject  had  been  examined  long  befbra  tbt 
period  assigned  in  the  text.    See  Jouni.  de  Ph^s.  Is.  S89. 
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acute  philosopher,  the  substance  commonly  called  oxygen  Chap.  n. 
combines  with  bodies  in  two  states :  1.  Retaining  the  great-  ^*— v— ^ 
est  part  of  the  caloric  and  light  with  which  it  is  combined, 
when  in  the  state  of  gas ;  2.  After  having  let  go  all  the 
caloric  and  light  with  which  it  was  combined.  In  the  first 
state  he  gives  it  the  name  of  thermoxygen  ;  in  the  second,  of 
oxygen.  Thermoxygen  exists  as  a  component  part,  not  only 
of  gaseous  bodies,  but  also  of  several  liquids  and  solids.  It 
is  only  in  those  cases  where  thermoxygen  is  a  component 
part  of  liquids  or  solids  that  caloric  and  light  are  emitted. 
All  metals,  according  to  him,  combine  with  thermoxygen  ; 
those  substances,  on  the  contrary,  which  by  combustion  are 
converted  into  acids,  combine  with  oxygen.*  This  ingeni- 
ous theory  obviates  the  objection  completely,  provided  it^ 
truth  can  be  established  in  a  satisfactory  manner.  But  as 
the  evidence  for  it  rests  almost  entirely  upon  its  convenience 
in  explaining  several  difficult  points  in  the  phenomena  of 
combustion,  we  must  consider  it  rather  in  the  light  of  an  in- 
genious conjecture  than  as  a  theory  fully  established.f 

16.  All  bodies  in  nature,  as  far  as  combustion  is  con-  Bodies  dlvi- 
cemed,  may  be  divided  into  three  classes;   namely,  ^^p- "^^IjJlSt 
porters,  combustibles,  and  incombustibles,  combusti-' 

By  supporters  I  mean  substances  which  are  not  themselves,  ^"uj^*^ 
strictly  speaking,  capable  of  undergoing  combustion ;  but  blcs, 
their  presence  is  absolutely  necessary,  in  order  that  this  pro- 
cess may  take  place.     Combustibles  and  incombustibles  re- 
quire no  definition. 

The  simple  supporters  at  present  known  are  three  in 
number;  namely, 

Oxygen,  Chlorine,  Iodine. 

The  compounds  which  these  three  bodies  make  with  each 
other  and  with  azote  are  likewise  supporters. 

!?•  The  combustibles  are  of  three  kinds;  namely,  simple^ 
compound;  and  oxides,  chlorides  and  iodides.  The  simple 
are  the  following, 

*  Aon.  de  Chim.  xxi.  182. 

^  The  reader  will  find  this  theory  very  fully  detailed  in  the  Journal  dt 
Chiraie  of  Van  Mons^  vols.  Sd  and  3d.  I  avoid  entering  into  particolarsy 
because  I  can  perceive  no  evidence  whatever  for  the  truth  of  most  of  the 
< assertions  which  constitute  this  theory. 
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Book  I.  1.  Hydrogen,      2.  Carbon,  3*  Boraiif 

^^^^^  4.  Silicon,  5.  Phoq)horua,     6.  Snlpluuv 

^"^^^"^  7.  The  metals. 

The  compound  are  the  rarious  bodies  formed  by  the 
union  of  these  simple  substances  with  each  other.  The  com- 
bustible  oxides  consist  chiefly  of  combinations  of  hydrogen, 
carbon  and  azote  with  oxygen  without  undergoing  com- 
bustion, and  they  constitute  the  chief  bodies  found  in  the 
v^etable  and  animal  kingdoms. 

18.  During  combustion,  the  supporter  (supposing  it  sim« 
pie,  or,  if  compound,  the  oxygen,  dilorine,  or  iodine,  exclud- 
ing  the  base)  always  unites  with  the  combustible,  and  forms 
widi  it  a  new  substance,  which  I  shall  call  a  product  of  com- 
bustion.  Hence  the  reason  of  the  change  which  combusti- 
bles undergo  by  combustion.  Now  every  product  is  either, 
1.  an  acid ;  2.  an  oxide;  S.  a  chloride;  or  4.  an  iodide. 

19.  As  light  and  heat  are  always  emitted  during  combus- 
tion ;  but  never  when  a  supporter  combines  virith  a  com- 
bustible without  combustion,  it  is  natural  to  suppose  that 
the  supporters  contain  either  the  one  or  the  other  of  these 
bodies  or  both  of  them. 

I  am  disposed  to  believe  that  the  supporters  contain 
caloric,  while  that  body  in  other  cases  is  wanting,  or  at 
least  not  present  in  sufficient  quantity.  My  reason  for  this 
opinion  is  that  the  caloric  which  is  evolved  during  com- 
bustion is  always  proportional  to  the  quantity  of  supporter 
which  combines  with  the  burning  body ;  but  this  is  by  no 
means  the  case  with  respect  to  light  Thus  hydrogen  com- 
bines with  more  oxygen  than  any  other  body;  and  it  is 
known  that  the  heat  produced  by  the  combustion  of  hydro- 
gen is  greater  than  can  be  produced  by  any  other  method; 
yet  the  light  is  barely  perceptible. 
Combus-  20.  It  was  long  the  general  opinion  of  cheihists,  that 
ti^nii^r  ^'8^^  exists  in  a  fixed  state  in  all  combustible  bodies.  The 
discoveries  of  Lavoisier  induced  the  greater  number  of  them 
•  to  give  up  this  opinion,  on  the  supposition  that  combustion 
could  be  explained  in  a  satisfactory  manner  without  it.  In- 
deed the  followers  of  that  illustrious  philosopher  considered 
it  as  incumbent  upon  them  to  oppose  it  with  all  their  might; 
because  the  fixed  light,  which  had  been  supposed  to  consti- 
tute a  part  of  combustibles,  had  been  unfortunately  deno- 


HEAT.  145 

minated  phlogiston;  a  tenn  which  they  considered  as  incom-  Chap.  il. 
patible  with  truth.     The  hypothesis,  however,  was  Occa- 
sionally revived;  first  by  Richter  and  Delametherie^  and 
afterwards  in  a  more  formal  manner  by  Orcn.     But  little 
attention  has  been  paid  to  it  in  this  country  till  lately. 

^rhat  the  light  exists  combined  witli  the  combustible,  will 
appear  probable^  if  we  recollect  that  the  quantity  which  ap- 
pears during  combustion  depends  altogether  upon  the  com- 
bustible. Phosphorus  emits  a  vast  quantity,  charcoal  a 
smaller,  and  hydrogen  the  smallest  of  all ;  yet  the  quantity 
of  oxygen  which  combines  with  the  combustible  during  these 
processeSf  is  greatest  in  those  cases  where  the  light  is  smallest. 
Besides,  the  colour  of  the  light  depends  in  all  cases  upou  the 
combustible  that  bums;  a  circumstance  which  could  scarcely 
be  supposed  to  take  place  unlebs  the  light  were  separated 
from  the  combustible.  It  is  well  known,  too,  that  when 
vegetables  are  made  to  grow  in  the  dark,  no  combustible 
substances  are  formed  in  them ;  the  presence  of  light  being 
absolutely  necessary  for  the  formation  of  these  substances* 
These  &cts,  and  several  othars  which  might  be  enumerated, 
give  a  considerable  d^ree  of  probability  to  the  opinion  that 
light  constitutes  a  component  part  of  all  combustible  sub- 
stances :  but  they  by  no  means  amount  to  a  decisive  proof: 
nor  indeed  would  it  be  easy  to  answer  all  the  objections 
which  might  be  started  against  this  opinion.  At  the 
same  time,  it  will  be  allowed  that  none  of  these  objections 
to  which  I  allude  amount,  to  a  positive  proof  of  the  false- 
hood of  the  hypothesis.  It  is  always  a  proof  of  the  diffi- 
culty of  an  investigation,  and  of  the  little  progress  which 
has  been  made  in  it,  when  plausible  arguments  can  be 
brought  forward  on  both  sides  of  the  question. 

21.  Were  we  to  suppose  that  the  supporters  contain 
caloric  as  a  component  part,  wliile  combustibles  contain 
light,  it  would  not  be  difficult  to  explain  what  takes  place 
during  combustion.  The  component  parts  of  the  sup- 
porters are  two:  namely,  1.  A  base ;  2.  Caloric.  The  com- 
ponent parts  of  combustibles  are  likewise  two :  namely,  1. 
A  base;  2.  Light.  During  combustion  the  base  of  the  sup- 
porter combines  with  the  base  of  the  combustible,  and  forms 
the  product;  while  at  the  same  time  the  caloric  of  the  sup- 
porter combines  widi  the  light  of  the  combustible,  and  the 
compound  flies  off  in  the  form   of  fire.     Thus  combus- 
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Book  I.    tion  is  a  double  decomposition ;  the  supporter  and  conibus- 
Divitioni.  m^|^  divide  themselves  each  into  two  portions,  which  com- 
bine in  pairs ;  the  one  compound  is  the  product^  and  the 
other  ihejire  which  escapes. 

Hence  the  reason  that  the  oxygen  of  products  is  unfit  bt 
combustion.  It  wants  its  caloric  Hence  the  reasoo  that 
combustion  does  not  take  place  when  oxygen  combines  with 
products  or  with  the  base  of  supporters,  lliete  bodies  ooa- 
tain  no  light  The  caloric  of  the  oxygen  of  course  is  not 
separated,  and  no  fire  appears.  And  this  oxygen  still  re- 
taining its  caloric,  is  capable  of  producing  combustioa  when- 
ever a  body  is  presented  which  contains  lighti  and  whose 
base  has  an  affinity  for  oxygen.  Hence  also  the  reason 
why  a  combustible  alone  can  restore  combustibility  to  the 
base  of  a  product.  In  all  such  cases, a  doable  decomposi- 
tion takes  place.  The  oxygen  of  the  product  combines  with 
the  base  of  the  combustible,  while  the  l^t  of  the  combus- 
tible combines  with  the  base  of  the  product 

22.  But  the  application  of  this  theory  to  the  pheaomaui 
of  combustion  is  so  obvious,  that  it  requires  no  particular 
explanation.  It  enables  us  to  explain,  with  equid  &cili^, 
some  curious  phenomena  which  occur  during  the  formation 
of  the  sulphurets  and  phosphurets.  Sulphur  and  phos- 
phorus combine  with  the  metals  and  with  some  of  the  earths. 
The  combination  is  not  formed  without  the  assistance  of 
heat  lliis  melts  the  sulphur  and  phosphorus.  At  the  in- 
stant of  their  combination  with  the  metalUc  or  earthly  bases, 
the  compound  becomes  solid,  and  at  the  same  time  suddenly 
acquires  a  strong  red  heat,  which  continues  for  some  time. 
In  this  case  the  sulphur  and  phosphorus  act  the  part  of  a 
supporter;  for  they  are  melted,  and  therefore  contain  a  great 
deal  of  caloric :  the  metal  or  earth  acts  tlie  part  of  a  cmn- 
bustible;  for  both  contain  light  as  a  component  part  The 
instant  of  combination,  the  sulphur  or  phosphorus  combines 
with  the  metal  or  earth ;  while  the  caloric  of  the  one,  uniting 
to  the  light  of  the  other,  flies  off  in  the  form  of  fire.  The 
process  therefore  may  be  called  semicombustion,  indicating 
by  the  term  that  it  possesses  precisely  one  half  of  the  dia- 
racteristic  marks  of  combustion. 

23.  Whenever  a  supporter  enters  into  a  more  intimate 
combination  with  a  combustible  than  beibre,  combustion  is 
the  consequence.    This  phenomenon  appears  in  several  of 
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the  metallic  oxides,  and  has  been  lately  particulazly  at-  Cfa«p.il. 
tended  to  by  Berzelius,*  Thus  green  oxide  of  chromiiuj^i 
nrhen  heated  to  redness  takes  fire  and  bums  for  an  insta^ 
without  altering  its  weight.  Before  exposure  to  the  beat  il 
was  readily  soluble  in  acids;  but  after  this  combustion  {t 
bas  become  altogether  insoluble ;  indicating  a  more  intir 
mate  combination  between  the  oxygen  and  chrcMnjum,  oral 
least  an  increased  aggregation  in  the  particles  of  the  oxide. 
Oxide  of  tantalum,  oxide  of  rhodium,  and  several  other 
bodies  exhibit  similar  phenomena.  The  combustions  which 
I  formerly  ascribed  to  the  action  of  partial  supporters^  may 
be  explained  in  this  way. 

24.  To  estimate  the  quantity  of  heat.evolvcd  during  the 
burning  of  different  combustibles  is  not  only  important  in  a 
philosophical  point  of  view,  but  of  considerable  conse- 
quence also  as  an  object  of  economy.  A  set  of  experiments 
on  this  subject  was  made  by  Lavoisier  and  Laplace.  They 
burnt  various  bodies  in  the  calorimeter,  and  estimated  the 
heat  evolved  by  the  quantity  of  ice  melted  in  each  experi- 
ment. Dr.  Crawford  made  a  similar  set  of  experiments. 
He  estimated  the  heat  evolved  by  the  increase  of  tempera- 
ture which  the  water  experienced  with  which  he  contrived 
to  surround  the  burning  bodies.f  A  still  more  numerous 
set  of  experiments  has  been  made  by  Mr.  Dalton,  chiefly 
on  the  heat  evolved  during  the  combustion  of  gaseous  bodies. 
He  filled  a  bladder  capable  of  holding  30,000  grains  of 
water  with  the  gas :  this  bladder  was  fitted  with  a  stop-code 
and  a  pipe.  A  tinned  vessel  was  procured  capable  of  hold- 
ing 80,000  grains  of  water ;  the  specific  heat  of  which  being 
ascertained,  and  as  much  water  added  as  made  the  specific 
heat  of  both  equivalent  to  that  of  S0,000  grains  of  water, 
the  gas  was  squeezed  out  of  the  bladder,  lighted,  and  the 
extremity  of  the  flame  made  to  play  upon  the  bottom  of 
the  tinned  vessel.  The  quantity  of  heat  evolved  was  esti- 
mated by  the  increase  of  temperature  produced  upon  the 
Water  in  the  vessel^ 

A  very  numerous  set  of  experiments  was  likewise  made 
by  Count  Rumford  on  the  heat  evolved  during  the  combus- 


*  Annala  of  Philosophy,  vii.  438. 
f  See  bit  experinwnts  on  animal  heat,  p.  254»  SSO,  aSS. 
X  Daitoo's  New  System  of  Chemkal  Piiilosophj,  p.  f^. 

l2 


14» 


IMFONDERABtfe  BODIES. 


Book  I.    tion  of  oils,  spirits,  and  Tarioas  woods;    and  from  the 
DiTisionl.  i^j^g^Y^  of  tiiQe  ^iii^}^  Ij^  devoted  to  the  subject,  and  the 

numerous  precautions  to  which  he  had  recourse^  it  is  pro- 
bable that  hb  results  are  near  approximations  to  the  tnrth.* 
The  following  table  exhibits  the  result  of  all  these  experi- 
ments, estimating  the  heat  evolved  by  the  quanti^  cif  ice 
which  it  would  melt.  The  first  column  gives  the  substance 
burnt,  and  one  pound  weight  is  always  supposed  to  be  con- 
sumed ;  the  second,  the  weight  of  oxygen  in  lbs.  which 
unites  with  the  combustible  during  the  process;  and  thediird 
the  weight  of  ice  in  lbs.  which  was  melted,  according  to 
the  different  experimenters. 


Ncftt  pro- 

■ 

duced  by 

SabgUneettamt,!  ft. 

• 

Oijfm 

loe  mdted  la  Ite. 

oombus- 
tion. 

inlW. 

LftfoMar. 

usvncd. 

DtlCoa. 

Kamford. 

Hydrogen 

6 

295 

480 

320 

Carbureted  hydro- 

• 

gen  

4 

■ 

85 

'Olefiantgas.. ., .. 

8*S 

88 

Carbonic  oxide   •• 

0*58 

25 

Olive  oil •  • 

S*5 

148 

89 

104 

93-073 

Rape  oil 

124-097 

Wax 

3*5 

133 

97 

104 

126-242 

Tallow 

3-5 

' 

104 

111-582 

Oil  of  turpentine  . 

60 

Alcohol 

58 

67-470 

Ether,  sulphuric . . 

3 

62 

107-027 

Mapntha 

97-834 

Phosphorus 

1-5 

100 

60 

Charcoal 

2-8 

96-5 

69 

40 

Sulphur  

1-36 

20 

Camphor 

70 

Caoutchouc 

42 

From  the  nature  of  Mr.  Dalton's  experiments,  the 
results  which  he  obtained  must  be  unavoidably  rather  too 
low,  as  a  portion  of  the  heat  would  be  dissipated  by  radia- 
tion. But  from  the  simplicity  of  the  method,  and  the 
facility  of  repetition  which  it  aiForded,  there  is  reason  to 
believe  tliat  die  errors  are  not  very  material. 

*  Nichoisoo^g  Journal,  xxxii.  105;    xxliy.  319,  and  zUcv.  95.r- 
t^ilbMt's  Anaslen,  xIt,  1, 306. 
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The  result   of  Count  Rumford's  experiments  on  the  Chap.!!, 
combustion  of  woods  will  be  seen  in  the  following  table. 


Ice  !■  IW.  Bw It- 
«4  b*  (kc  beat 


gf         '  e  c«  D*  (kc  scat 

bpeCieS  or  C^imI!*-  4r»efo(Kd  aariM 

waQoA  ^WiWHy»  the  Imrninjr  nt  I 


lb.  of  the  cvi 
ba>i-b!e. 


Lime  ......  Joiner'9  diy  wood» 4 year» old 46*145 

Ditto Ditto  46-406 

Ditto  ......  Ditto,  highly  dried  o? er  a  chafiog  dish  . . ^ ^. .  53*806 

Ditto Ditto 54210 

Ditto Ditto,  rather  less  dried 51*777 

Beech «  Joiner's  dry  wood,  four  or  five  years  old. .....  45*080 

Ditto Ditto  '. 45*002 

Ditto  . . . .  ^ .  Ditto,  highly  dried  over  a  chafing  dish    48*445 

Ditto JWtto  48*245 

Elm    Joiner's  wood,  rather  moist 36*196 

Ditto Joiner's  dry  wood,  four  or  five  years  old  I . . .  40*478 

Ditto Ditto  40*068 

Ditto Ditto,  highly  dried  over  a  chafing  dish  46*020 

Ditto Ditto   44*868 

Ditto Ditto,  dried  and  scorched  in  the  stove 41*200 

Oak Common  fire  wood  in  moderate  shavings  ....   34*120 

Ditto Ditto,  in  thicker  shavings,  leaving  a  residuum 

of  charcoal 32*997 

Ditto Ditto,  in  thin  shavings 35*062 

Ditto Ditto,  in  thin  shavings,  well  dried  in  the  air. .   38*946 

Ditto Joiner's  wood,  very  dry,  in  thin  shavings  ....   39*840 

Ditto Ditto , 39*728 

Ditto Thick  shavings,  leaving  0*92  grains  of  charcoal  34*960 

Ash Joiner's  common  dry  wood 40*888 

Ditto Same  kind,  shavings  dried  in  the  air 44*960 

Ditto Ditto,  highly  dried  over  a  chafing  dish 47*265 

Maple Seasoned  wood,  highly  dried  over  a  chafing 

dish 48-U6 

Service.....  Ditto,       ditto 48*173 

Ditto Same  kind,  scorched  in  a  stove 43*116 

Cherry Joiner's  dry  wood 44*452 

Ditto Same  kind,  highly  dried  over  a  chafing  dish  . .  49*205 

Ditto Same  kind  scorched  in  a  stove  46*850 

Fir Joiner's  common  dry  wood 40*429 

Ditto  ....••  Shavings  well  dried  in  air 45*333 

Ditto Highly  dried  over  a  chafing  dish •••••  49*838 

Ditto •  Dried  and  scorched  in  a  stove 44*477 

Ditto Thick  shavings  leaving  much  charcoal 38*260 

Poplar Joiner's  common  dry  wood 46*134 

Ditto Same  kind,  highly  dried  over  a  chafing  dish. .   49*548 

Hornbeam..  Joiner's  dry  wood. ... » 42*400 

Ditto Ditto 42-145 
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Oak With  19'6  per  cent,  of  watery 

imperfectly  burnt,  leavixi  in  f^'^^g™"^*  ^^'•^ 
the  combustion  a  charcoal  (^  '**  •»«  *»* 

residttum  amounttt|  to.  • . .  j     ^  *^*^ 

If  any  confidence  can  be  put  in  the  accuracy  of  the  preoed* 
ing  tables  it  is  pretty  obvious  that  the  quantity  of  b^t 
evolved  during  combustion  is  not  proportional  to  the  quan- 
tity of  oxygen  which  unites  with  the  burning  body.  When 
we  compare  the  combustion  of  the  oils,  wax,  and  alcohol 
made  by  Count  Rumford,  with  the  quantity  of  heat 
evolved  during  the  combustion  of  hydrogen  and  charcoal 
as  determined  by  Crawford,  reckoning  the  composition  <£ 
the  compound  inflammables,  as  it  has  been  determined  by 
the  experiments  of  Saussur  and  Gay  Lussac,  it  would 
iq)peal*  that  there  is  a  specific  quantity  of  heat  evolved  dur- 
ing the  bufning  of  hydrogen  and  charcoal,  and  that  the 
same  quantity  appears  when  these  bodies  are  burnt  in  what- 
i!vcr  state  of  composition  they  may  exist. 

III.   PERCUSSION. 

• 

It  is  well  known  that  heat  is  produced  by  the  percussion 
of  hard  bodies  against  each  other.     When  a  piece  of  iron 
is  smartly  and  quickly  struck  with  a  hammer,  it  becomes 
red  hot ;  and  the  production  of  spai'ks  by  the  collision  of 
flint  and  steel  is  too  familiar  a  fact  to  require  being  men- 
tioned.    No  heat,  however,  has  ever  been  observed  to  fol- 
low the  percussion  of  liquids,  nor  of  soft  bodies  which  easily 
yield  to  the  stroke. 
Percussion       I.  This  evolution  of  caloric  by  percussion  seems  to  be 
condeoU-    ^^  coiwequence  of  a  permanent  or  temporary  condensa- 
tion, tion  of  the  body  struck.     The  specific  gravity  of  iron 
before  hammering  is  7*788 ;  after  being  hammered,  7*840 : 
that  of  platinum  before  hammering  is  19*50;  after  it,  21*65. 
Caloric  2.  Now  condensation  seems  always  to  evolve  caloric ;  at 
etrolvcd  by  \egjgi  ^{g  jg  (Jig  case  in  those  bodies  in  which  we  can  pro- 

condcnsji*  ^ 

tion.  duce  a  remarkable  and  permanent  diminution  of  bulk. 

When  muriatic  acid  gas  is  absorbed  by  water,  the  liquid 


soon  ritet  to  the  temperature  of  100^;  and  a  ttill  higher  (SiMp.ti. 
temperature  is  produced  when  ammoniacal  fps  and  mu- 
riatic acid  gas  concrete  into  a  solid  salt  When  limestone 
is  dissolved .  in  sulphuric  add,  a  considerable  heat  is  pro- 
duced, notwithstanding  the  gi^eat  quantity  of  carbonic  add 
which  is  set  at  liberty.  And  if  we  use  pure  lime  instead  of 
limestone,  a  very  violent  heat  takes  place.  Now  in  this 
case  the  add  and  the  water  which  it  contains  are  converted 
partly  from  liquids  to  solids,  and  the  bulk  is  much  dimi- 
nished. It  IB  known  also,  that  when  air  is  suddenly  con- 
densed, a  thermometer  surrounded  by  it  rises  several  de- 
grees.* From  the  suddenness  of  the  rise  in  this  case,  Mr. 
Dalton  has  shoi;ifn  that  a  much  greater  heat  is  evolved  than 
is  indicated  by  the  thermometer.  From  his  escperiments  it 
follows,  that  when  air  is  suddenly  condensed  to  half  its 
bulk,  its  temperature  is  raised  50  degrees.f  The  same 
change  takes  place  when  air  is  suddenly  admitted  into  a 
vacuum.  It  cannot  be  doubted  that  a  much  greater  rise  of 
temperature  than  50  degrees  is  occasioned  by  the  conden- 
sation of  sdr.  The  experiment  first  made  by  Mollet,  but 
which  has  long  been  familiar  to  chemists,  shows  this  in  a 
convincing  manner.  If  a  piece  of  tinder  be  piit  ihto  the 
extremity  of  a  syringe,  and  the  air  be  suddenly  condensed 
upon  it,  the  tinder  catches  fire.l 

On  the  other  hand,  when  a  body  is  suddenly  rarefied, 
its  temperature  is  lowered.  Mr.  Dalton  has  shown,  that 
by  pumping  the  air  out  of  a  recdver,  its  temperature  sinks 
also  5(f4 

BerthoUet,  Pictet,  and  Biot,  have  made  a  set  of  experi- 
ments, to  ascertain  the  quantity  of  heat  evolved  when  du<^ 
tile  metals  are  suddenly  struck  forcibly,  as  when  they  are 
stamped  in  the  process  of  coining.  The  experiments  were 
made  upon  pieces  of  gold,  silver,  and  copper,  of  the  same 
size  and  shapes  and  care  was  taken  that  all  the  parts  of  the 
iq[>paratus  had  acquired  the  same  temperature  before  the 
experiments  began.  Copper  evolved  most  heat,  silver  was 
next  in  order,  and  gold  evolved  the  least.  The  first  blow 
evolved  the  most  heat,  and  it  diminished  gradually,  and 
after  the  third  blow  was  hardly  perceptible.    The  heat  ac- 

^  Dur^Oy  Fliil.  Trans.  1788.  t  Manchester  MemoirB,  v.  51S. 

I  Pictet,  py].  Mag.  xiv.  964.  f  Ibid.  t.  515. 


IMS  IMPONDERABLE  BODIES. 

Book  I*    quired  was  estiknated*  hy  throwing  the  piece  of  metal  struck 
P'^j**^*^^'  into  a  quantity  of  water,  and  ascertaining  the  change  of 
temperature  which   the  water  underwent.    The  following 
table  exhibits  the  increase  of  temperature,  experienced  by 
two  pieces  of  copper  by  three  successive  blows ; 

i«f  T^lnw  fist  Piece..... 17-44^ 

1st  Blow  I2J  p5^^ 2^^^ 

Sd  Blow /^®*P'®^ • ''•^^ 

\a  to^^  / 1*^  Piece 1*90 

Sd  Blow  I2J  pj^    ^ 1-46 

•  The  whole  quantity  of  lieat  evolved  by  each  of  these 
pieces  of  cbppcr  is  nearly  the  same ;  that  from  the  first 
piece  being  26*64%  and  that  from  the  second  25*95^. 

The  following  table  exhibits  the  heat  evolved  from  two 
pieces  of  silver  treated  in  the  same  way; 

.       wui        fist  Piece  ....\ e-lO"^ 

1st  Blow -[.^j  pj^^  ; 7.3Q 

oj  r»        ristPiece... 6'85 

2d  Blow  Igjj  pj^^    _. 2.j^ 

oj  T>i        fist  Piece  ...; 2*76 

Sd  Blow  {2d  Piece 2-02 

Total  evolved  from  the  1st  piece    . ,  14'74 

Ditto  from  the  2d    1I'46 

The  change  in  specific  gravity  which  the  metals  under- 
went, was  found  to  be  proportional  to  the  heat  thus  evolved, 
as  appears  from  the  following  table,  deduced  firom  their 
experiments.  The  specific  gravities  were  taken  at  the  tem- 
perature of  46*5^ 

Specific  gravity  of  gold   19*2357 

Ditto  annealed 19*2240 

Ditto  struck 19*2487 

Specific  gravity  of  silver 10*4667 

Ditto  annealed  • 10*4465 

Ditto  struck 10*4838 

Specific  gravity  of  copjier   8*8529 

Ditto  struck 8*8898 

Ditto  struck  a  second  time • .    8*9081 

From  these  experiments  it  is  obvious,  that  the  heat 
evolved  when  metals  are  struck  is  owing  to  the  condensation, 


HEAT.  lis 

and  proportional  to  the  condensation.     Hence,  when  they  Chap.  II. 
can  no  longer  be  condensed,  they  cease  to  evolve  heat.  ^**%^*^ 
These  philosophers  observed,  daring  their  experiments, 
that  heat  or  cold  is  propagated  much  more  rapidly,  from 
one  piece  of  metal,  to  aiKither,  whoi  they  are  struck,  than 
when  they  are  simply  placed  in  contact.* 

S.  It  is  not  diflScuIt  to  see  why  condensation  should  oc-  -^"^  ^^T* 
casioB  the  evolution  .pf  caloric,  and  rarefaction  the  contrary. 
When  the  particles  of  a  body  arc  fiurced  nearer  each  other, 
the  repulsive  power  of  the  caloric  combined  with  them  is 
increased,  and  consequently  a  part  of  it  will  be  apt  to  fly 
off.  Now,  after  a  bar  of  iron  has  been  heated  by  ibe  ham- 
mer, it  is  much  harder  and  brittler- than  before.  It  must 
then  have  become  denser,  and  consequently  must  have 
parted  with  caloric.  It  is  an  additipnal  confirmation  of 
this,  that  the  same  bar  cannot  be  heated  a  second  time  by 
percussion  until  it  has  been  exposed  for  some  time  to  a  red 
heat.  It  is  too  brittle,  and  flies  to  pieces  under  the  ham- 
mer. Now  britdeness  seems  in  most  cases  owin^^  to  the 
absence  of  the  usual  quantity  of  caloric  Glass  unarmealed^ 
or,  which  is  the  same  thing,  that  has  been  cooled  very 
quickly,  is  always  extremely  britde.     When  glass  is  in  a  * 

state  of  fusion,  there  is  a  vast  quantity  of  caloric  accumu- 
lated in  it,  the  repulsion  between  the  particles  of  which 
must  of  course  be  very  great ;  so  great  indeed,  that  they 
would  be  disposed  to  fly  off*  in  every  direction  with  incon- 
ceivable velocity,  were  they  not  confined  by  an  unusually 
great  quantity  of  caloric  in  the  surrounding  bodies :  con- 
sequently if  this  surrounding  caloric  be  removed,  the  caloric 
of  the  glass  flies  off*  at  once,  and  more  caloric  will  leave  the 
glass  than  otherwise  would  leave  it,  because  the  velocity  of 
the  particles  must  be  greatly  increased.  Probably  then  the 
brittleness  of  glass  is  owing  to  the  deficiency  of  caloric ;  and 
we  can  scarcely  doubt  that  the  brittleness  of  iron  is  owing 
to  the  same  cause,  if  we  recollect  that  it  is  removed  by  the 
application  of  new  caloric. 

4r.  It  deserves  attention,  too,  that  condensation  dimi-  Condense- 
nishes  the  specific  caloric  of  bodies.     After  one  of  the  clay  UShMTpe- 

picces  used  in  Wedgewood's  thermometer  has  been  heated  cific  calo- 
ric. 

*  Mem.  d'Arcueily  ii.  p.  441. 


154  IJiPONDEOABLB  BODIES. 

Bode  I.  to  120%  it  is  reduced  to  one  half  of  its  finrmer  htSkf  tiioi^ 
^^;ij;^  it  has  lost  only  two  grains  of  its  wdght,  and  its  specific 
caloric  is  at  the  same  time  diminished  one  diird.*  But 
we  can  hardly  conceire  the  qiecific  caloric  of  a  body  to  be 
diminished  without  an  evolution  of  caloric  taking  place  at 
the  same  time. 
Why  hnt  5.  These  observations  are  sufficient  to  exfJain  why  caloric 
cd^^rp^  is  evolved  by  percussion.  It  is  forced  out  fiom  the  par* 
sosNoo.  tides 'of  the  body  strudc  with  which  it  was  fbnneriy  com- 
bined. But  a  part  of  the  caloric  which  is  evohred  after 
percussion  often  originates  in  another  manner.  By  con- 
densation, as  much  caloric  is  evolved  as  is  sufficient  to  raise 
the  temperature  of  some  of  the  particles  of  the  body  high 
enough  to  enable  it  to  .combine  with  the  oxygen  of  the 
atmosphere.  The  combination  actually  takes  place,  and  s 
great  quantity  of  additional  caloric  is  separated  by  the  de* 
composition  of  the  gas.  That  this  happens  during  the  col- 
lision of  flint  and  steel  cannot  be  doubted ;  fer  the  sparki 
produced  are  merely  small  pieces  of  iron  heated  fed  hot  bj 
uniting  with  oxygen  during  their  passage  through  the  atr« 
as  any  one  may  convince  himself  by  actually  examining 
them.  Mr.  Hawksbee  f  and  others  have  shown,  that  iron 
produces  no  sparks  in  the  vacuum  of  an  air-pump;  but 
Mr.  Kirwan  affirms,  that  they  are  produced  under  common 
spring  water. 

It  is  not  easy  to  account  for  the  emission  of  caloric  on 
the  percussion  of  two  incombustibles.  In  the  last  chapter, 
mention  was  made  of  the  light  emitted  during  the  percus- 
sion of  two  stones  of  quartz,  flint,  felspar,  or  any  other 
equally  hard.  Caloric  is  also  emitted  during  this  percus- 
sion, as  is  evident  from  the  whole  of  the  phenomenon.  Mr. 
T.  Wedgewood  found,  that  a  piece  of  window-glass,  when 
brought  in  contact  with  a  revolving  wheel  of  grit,  became 
red  hot  at  its  point  of  contact,  and  gave  off  particles  which 
set  fire  to  gunpowder  and  to  hydrogen  gas.^  We  must 
either  suppose  that  all  the  caloric  is  produced  by  mere  con- 
densation, which  is  not  probable^  or  acknowledge  that  we 
cannot    explain   the  phenomenon.     This  is   dinost  the 

♦  T.  Wedgewood,  Phil.  Trans.  1752.  f  Ibid.  xxiv.  3165. 
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onlj  hntflnee  of  the  efdntion  of  caloric  and  light  where  Chip.  ii. 
the  i%eacy  of  a  saf^rter  cannot  be  demoBatimted  or  erai 
rendered  probable. . 

The  himinom  af^xamnce  which  follows  the  percussion 
of  certain  bodies  m  vacuo^  or  in  -bodies  which  are  not  ca- 
pable of  supporting  combustion,  seems  to  be  connected  with 
electricity ;  for  all  such  bodies  are  electrics.  They  are  ire* 
quently  also  phosphorescent ;  which  property  may  likewise 
contribute  to  the  efiect.* 

IV.   FRICTION^ 

Caloric  is  not  only  evolved  by  percussion,  but  also  by  Emisiion  of 
friction.    Fires  are  often  kindled  by  rubbing  pieces  of  dry  JJ||lJ^/^ 
wood  smartly  against  one  another.     It  is  well  known  that 
heavy-loaded  carts  sometimes   take    fire  by  the  friction 
between  the  axle-tree  and  the  wheel.     Now  in  what  man-  Not  owing 
ner  is  the  caloric  evolved  or  accumulated  by  friction  ?  Not  ^^^ 


satiofu 


by  increasing  the  denuty  of  the  bodies  rubbed  against  each 
other,  as  happens  in  cases  of  percussion ;  for  heat  is  pro- 
duced by  rubbing  soft  bodies  against  each  other ;  the  den- 
sity of  which  therefore  cannot  be  incrmsed  by  that  means^ 
as  any  one  may  convince  himself  by  rubbing  his  hand 
smartly  against  his  coat.    It  is  true,  indeed,  that  heat  is 
not  produced  by  the  friction  of  liquids ;  but  then  they  are 
too  yielding  to  be  subjected  to  strong  friction.    It  is  not  Kor  to  de- 
owing  to  the  specific  caloric  of  the  nibbed  bodies  decreasing;  ^!|^c  ca« 
for  Count  Rumford  found  that  there  was  no  sensible  de-  loric, 
crease,t  nor,  if  there  were  a  decrease,  would  it  be  sufficient 
to  account  for  tl}e  vast  quantity  of  heat  which  is  sometimes 
produced  by  friction. 

Count  Rumford  took  a  cannon  cast  solid  and  rough  as 
it  came  from  the  foundry;  he  caused  its  extremity  to  be  cut 
o%  and  formed,  in  that  part,  a  solid  cylinder  attached  to 
the  cannon  7|-  inches  in  diameter  and  9-,^  inches  long.  It 
remained  joined  to  the  rest  of  the  metal  by  a  small  cylin- 
drical neck.  In  this  cylinder  a  hole  was  bored  3*7  inches 
in  diameter  and  7*2  inches  in  length.  Into  this  hole  was 
put  a  Uunt  steel  borer,  which  by  means  of  horses  was  made 
to  ndb  against  its  bottom;  at  the  same  time  a  small  hole 

*  Jour,  of  the  Royal  Imtit.  i.  864.  f  Nicholson*!  Journal,  ii.  106r 
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BookL    was  made  in  the  cylinder  perpendicular  to  the  bore,  and 
Divisioo  h  ^Q^jjig  JQ  ^  0Q^^  pi^i^  1^  ^^^e  beyond  the  end  of  the  bore. 

This  was  for  introducing  a  thermometer  to  measure  the 
heat  of  the  cylinder.  The  cylinder  was  wrapt  round 
with  flannel  to  keep  in  the  heat  The  borer  pressed  against 
the  bottom  of  the.  hole  with  a  force  equal  to  about  10,000  lbs. 
avoirdupois,  and  the  cylinder  was  turned  round  at  the  rate 
of  32  times  in  a  ininute.  At  the  beginning  of  the  experi- 
ment the  temperature  of  the  cylinder  was  60^ ;  at  the  end  of 
80  minutes,  when  it  had  made  960  revolutions,  its  tempe- 
rature was  130^.  The^  quantity  of  metallic  dust  or  scales 
produced  by  this  friction  amounted  to  837  grains.  Now, 
if  we  were  to  suppose  that  all  the  caloric  was  evolved  from 
these  scales,  as  they  amounted  to  just  .^^  part  of  the  cy- 
linder, they  must  have  given  out  94B^  to  raise  the  cylinder 
1^,  and  consequently  66,360^  to  raise  it  70^  or  to  180% 
which  is  certainly  incredible.* 
Kor  JO  Neither  is  the  caloric  evolved  during  friction  owing  to 

the  combination  of  oxygen  with  the  bodies  themselves,  or 
any  part  of  them.  By  means  of  a  piece  of  clock-work,  Mr. 
Pictet  made  small  cups  (fixed  on  the  axis  of  one  of  the 
wheels,)  to  move  round  with  considerable  rapidity,  and  he 
made  various  substances  rub  against  the  outsides  of  these 
cups,  while  the  bulb  of  a  very  delicate  thermometer  placed 
within  them  marked  the  heat  produced.  The  whole 
machine  was  of  a  size  sufficiently  small  to  be  introduced 
into  the  receiver  of  an  air-pump.  By  means  of  this  ma- 
chine a  piece  of  adamantine  spar  was  made  to  rub  against 
a  steel  cup  in  air :  sparks  were  produced  in  great  abun- 
dance during  the  whole  time,  but  the  thermometer  did  not 
rise.  The  same  experiment  was  repeated  in  the  exhausted 
receiver  of  an  air-pump  (the  manometer  standing  at  four 
lines;)  no  sparks  were  produced,  but  a  kind  of  phosphoric 
light  was  visible  in  the  dark.  The  thermometer  did  not 
rise.  A  piece  of  brass  being  made  to  rub  in  the  same  man- 
ner against  a  much  smaller  brass  cup  in  air,  the  thermo- 
meter (which  almost  filled  the  cup)  rose  0*8%  but  did  not 
begin  to  rise  till  the  friction  was  over.  This  shows  us  that 
the  motion  produced  in  the  air  carried  off  the  caloric  as  it 
was  evolved*     In  the  exhausted  receiver  it  began  to 

*  Nicholson's  Jounialy  ii.  106. 
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th«  moment  the  friction  began,  and  rose  in  all  1  *2^.    When  Chap.  il. 
a  bit  of  wood  was  made  to  rob  against  the  brass  cup  in  the 
air,  the  thermometer  rose  0'7%  and  on  substituting  also  a 
wooden  cup  it  rose  2*1^,  and  in  the  exhausted  receiver 
2'4^,  and  in  air  condensed  to  1-}-  atmospheres  it  rose  0'5®.* 

If  these  experiments  be  not  thought  conclusive,  I  have 
others  to  relate^  which  will  not  leave  a  doubt  that  the  heat 
produced  by  friction  is  not  connected  with  the  decompo- 
sition of  oxygen  gas.  Count  Rumford  contrived,  with  his 
usual  ingenuity,  to  inclose  the  cylinder  above  described  in 
a  wooden  box  filled  with  water,  which  effectually  excluded 
all  air,  as  the  cylinder  itself  and  the  borer  were  surrounded 
with  water,  and  at  the  same  time  did  not  impede  the  motion 
of  the  instrument.  The  quantity  of  water  amounted  to 
18*77lbs.  avoirdupois,  and  at  the  beginning  of  the  experi- 
ment was  at  the  temperature  of  60^.  After  the  cylinder 
had  revolved  for  an  hour  at  the  rate  of  32  times  in  a 
minute,  the  temperature  of  the  water  was  107^;  in  SO 
minutes  more  it  was  178^ ;  and  in  two  hours  and  30  minutes 
after  the  experiment  b^an,  the  water  actually  boiled. 
According  to  the  computation  of  Count  Rumford,  the  ca^ 
loric  produced  would  have  been  sufficient  to  heat  26*58  lbs. 
avoirdupois  of  ice^old  water  boiling  hot;  and  it  would 
have  refjuired  nine  wax  pandles  of  a  moderate  size,  burning 
with  a  clear  flame  all  the  time  the  experiment  lasted,  to 
have  produced  as  much  heat.  In  this  experiment  all  access 
of  water  into  the  hole  of  the  cylinder  where  the  friction 
took  place  was  prevented.  But  in  anodier  experiment, 
the  result  of  which  was  precisely  the  same,  the  water  was 
allowed  free  access.f 

The  experiments  of  Rumford  were  repeated  and  diversi- 
fied by  M.  Haldot  He  contrived  an  apparatus  by  which 
two  bodies  could  be  pressed  against  each  other  by  means  of 
a  q>ring,  while  one  of  them  turned  round*  with  the  velocity 
of  82*8  inches  per  second.  The  friction  took  place  in  a 
jrtrong  box  containing  216  cubic  inches  of  water.  The 
results  obtained  so  nearly  resemble  those  of  Count  Rum- 
ford that  it  is  unnecessary  to  enter  into  particular 
detaih.  The  rubber  was  brass.  When  the  metal  rubbed 
was  zinc  die  heat  evolved  was  greatest;  brass  and  lead  at 

*  Fictet,  sur  le  Feu,  ch.  ix.  f  Nicholson's  Journal,  ii.  105. 
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Book  I.     forded  equal  heat,  but  less  than  zinc;  tin  produced  only 
^|^j*i^-  ^8  of  the  heat  evolved  during  the  friction  of  lead.  When 
^""^^^"^   the  pressure  was  quadrupled  the  heat  evolved  became  seven 
times  greater  than  before.     When  the  rubber  was  rough  it 
produced  but  half  as  much  heat  as  when  smooth.     When 
the  apparatus  was  surrounded  by  bad  conductors  of  heat, 
or  by  non*conductors  of  electricity,  the  quantity  of  heat 
evolved  was  diminished.* 
And  conte-     The  caloric,  then,  which  appears  in  consequence  of  fric- 
tjucndytt  ^j^^  is  neither  produced  by  an  increase  of  the  density,  nor 
esplictble.  by  an  alteration  in  the  specific  caloric  of  the  substances 
exposed  to  friction,  nor  is  it  owing  to  the  decomposition 
of  the  oxygen  of  the  atmosphere — Whence'  then    is   it 
derived?    This  question  cannot  at  present  be  answered: 
but  this  is  no  reason  for  concluding,  with  Count  Rumford, 
that  there  is  no  such  substance  as  caloric  at  all,  but  that  it 
is  merely  a  peadiar  kind  (fmoiion  ;  because  the  facts  men- 
tioned in  the  pireceding  part  of  this  chapter  cannot  be  easily 
reconciled  to  such  a  supposition.    Were  it  possible  to  prove 
that  the  accumulation  of  caloric  by  friction  is  inoompatiblewkh 
its  being  a  substance,  in  that  case  Count  Rumford's  oonda- 
sion  would  be  a  fair  one ;  but  this  surely  has  not  been  done. 
We  are  certainly  not  yet  sufficiently  acquainted  with  the 
laws  of  the  motion  of  caloric,  to  be  able  to  affirm  with  cer- 
tainty that  friction  cannot  cause  it  to  accumulate  in  the 
bodies  rubbed.     This  we  know  at  least  to  be  the  case  with 
electricity.     Nobody  has  been  hitherto  able  to  demonstrate 
in   what  manner  it  is  accumulated  by  friction;  and  yet 
this  has  not  been  thought  a  sufficient  reason  to  deny  its  ex* 
istence. 
Analogy         Indeed  there  seems  to  be  a  very  close  analogy  between 
loric  an/o»  ^^^^"c  and  electric  matter.     Both  of  them  tend  to  diffuse 
lectricity.    themselves  equally,  both  of  them  dilate  bodies,  both  of  tliera 
fuse  metals,  and  both   of  them  kindle  combustible  sub- 
stances.    Mr.  Achard  has  proved,  that  electricity  can  be 
substituted  for  caloric  even  in  those  cases  where  its  agency 
seems  peculiarly  necessary ;  for  he  found,  that  by  constantly 
supplying  a  *  certain  quantity   of  the  electric  fluid,  eggs 
could  be  hatched  just  as  when  they  are  kept  at  the  tempen^ 
ture  of  103^.    An  accident  indeed  prevented  the  ehickeni 

*  Nicholson's  Journal,  xxvi.  dO. 
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Srom  actually  conung  out;  but  they  were  formed  and  living,  Chap.  U. 
and  within  two  days  of  bursting  their  shelL  Electricity  has 
also  a  great  deal  of  influence  on  the  heating  and  cooling  of 
bodies.  Mr.  Pictet  exhausted  a  glass  globe,  the  capacity  of 
which  was  1200*199  cubic  inches,  till  the  manometer 
within  it  stood  at  1*75  lines.  In  the  middle  of  this  globe 
was  suspended  a  thermometer,  which  hung  from  the  tap.  of 
a  glass  rod  fixed  at  the  bottom  of  the  globe,  and  going 
almoss  to  its  top.  Opposite  to  the  bulb  of  this  thermome- 
ter two  lighted  candles  were  placed,,  the  rays  of  which,  by 
means  of  two  concave  mirrors,  were  concentrated  on  the 
bulb.  The  candles  and  the  globe  were  placed  on  the  same 
board,  which  was  supported  by  a  non-conductor  of  elec- 
tricity. Two  fi»et  and  a  half  from  the  globe  there  was  an 
electrifying  machine,  which  communicated  with  a  brass 
ring  at  the  mouth  of  the  globe  by  means  of  a  metallic  con- 
ductor. This  machine  was  kept  working  during  the  whole 
time  of  the  experiment;  and  consequently  a  quantity  of 
electric  matter  was  constantly  passing  into  the  globe,  which, 
in  the  language  of  Pictet,  formed  an  atmosphere  not  only 
within  it,  but  at  some  distance  round,  as  was  evident  from 
the  imperfiBct  manner  in  which  the  candles  burned.  Whoi 
the  experiment  began,  the  thermometer  stood  at  49*8^.  It 
rose  to  70*2^  in  732^^  The  same  experiment  was  repeated, 
but  Ho  electric  matter  thrown  in ;  the  thermometer  rose  from 
49*8®  to  70*2^  in  1050'';  so  that  the  electricity  hastened  the 
heating  almost  a  third.  In  the  first  experiment  the  ther- 
mometer rose  only  to  71  'S^  but  in  the  second  it  rose  to  77®. 
This  difierenoe  was  doubtless  owing  to  the  candles  burning 
better  in  the  second  than  the  first  experiment;  for  in  other 
two  experiments  made  exactly  in  the  same  manner,  the 
maximum  was  equal  both  when  there  was  and  was  not 
electric  matter  present.  These  experiments  were  repeated 
with  this  difference,  that  the  candles  were  now  insulated,  by 
placing  their  candlesticks  in  vessels  of  varnished  glass.  The 
thermometer  rose  in  the  electrical  vacuum  from  52*2^  to 
74*7®  in  1050'';  in  the  simple  vacuum  in  965^\  In  the 
electrical  vacuum  the  thermometer  rose  to  77®;  in  the 
simple  vacuum  to  86®.  It  follows  from  these  experiments, 
that  when  the  globe  and  the  candles  communicated  with 
each  other,  electricity  hastened  the  heating  of  the  thermo- 
meter; but  that  when  they  were  insulated  separately,  it  re- 
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Book  L  tarded  it^  One  would  be  apt  to  siupect  the  agency  of 
Dif iMon  I.  electricity  in  the  following  experiment  of  Mr.  Pictet  2  into 
one  of  the  brass  cups  formeriy  described  a  small  quantity 
of  cotton  was  put  to  prevent  the  bulb  of  tlic  thermometer 
firom  being  broken.  As  the  cup  turned  rounds  two  or 
Aree  fibres  of  the  cotton  rubbed  against  the  bulb^  and 
without  any  other  friction  tlie  thermometer  rose  five  or  six 
d^prees.  A  greater  quanti^  of  cotton  being  made  to  rub 
against  the  bulb,  the  thermometer  rose  15^.f 

I  do  not  mean  to  draw  any  other  conclusion  from  these 
Acts,  than  that  electricity  is  very  often  concerned  in  the 
heating  of  bodies^  and  that  probdi)ly  scxne  such  agent  is 
employed  in  accumulating  the  heat  produced  by  friction. 
Supposing  that  electrici^  is  actually  a  substance,  and 
taking  it  for  granted  that  it  is  di£ferait  fit>m  caloric,  does  it 
not  in  all  probability  contain  caloric  as  well  as  all  other 
bodies  ?  Has  it  not  a  tendency  to  accumulate  in  ail  bodies 
by  friction,  whether  conductors  or  non-conductors?  May 
it  not  then  be  accumulated  in  those  bodies  which  are  rubbed 
against  one  another?  or,  if  they  are  good  conductors,  may 
it  not  pass  through  them  during  the  friction  in  great  quan- 
tities ?  May  it  not  part  with  some  of  its  caloric  to  these 
bodies,  either  on  account  of  their  greater  affinity  or  some 
other  cause?  and  may  not  tliis  be  die  source  of  the  caloric 
which  appears  during  friction  ? 
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V.   MIXTURE. 

It  is  well  known  that  in  a  vast  number  of  cases,  when 
two  substances  enter  into  n  chemical  union,  a  change  of 
temperature  takes  place.  In  some  instances  the  mixture 
becomes  colder  than  before,  wliile  in  others  it  becomes 
much  hotter.  In  the  third  division  of  the  preceding  sec- 
tion, a  very  copious  list  has  been  given  of  the  first  set 
of  mixtures*  It  remains  for  us  to  consider  the  nature  of  the 
second  set,  and  to  endeavour,  if  possible,  to  ascertain  the 
cause  of  the  change  of  temperature. 

1.  It  deserves  particular  attention,  that  water  constitutes 
an  essential  part  of  almost  all  mixtures  in  which  a  change 
of  temperature  takes  place*      The  most  remarkable  ex-- 


^  Pictet  8ur  le  Feu,  cbap.  v'u 


f  Ibid.  chap.  ix. 


tion  of  wa- 
ter. 


options  to  this  rule  are  some  of  the  gaseous  bodies,  which  Chap.  Ii. 
when  united  together  constitute  a  solid  body,  as  ammoniacal  ^""^v""*^ 
and  muriatic  acid  gases.     At  the  instant  of  union  a  very 
i^nsiderable  heat  is   evolved.       But  even  these  gaseous 
bodies  contain  a  considerable  proportion  of  water,  which 
}n  all  probability  contributes  not  a  little  to  the  effect. 

2.  In  many  cases  the  particular  change  of  temperature  Nature  of 
which  is  produced  by  mixture  depends  upon  the  proportion  ^^^  c^nge 
of  water  previously  combined  with  one  of  the  ingredients;  thepropor- 
for  the  same  ingredients  are   capable  either  of  producing 
heat  or  cold  according  to  that  proportion.     It  has  been 
ascertained  by  the  experiments  of  Mr.  Lowitz  and  Mr. 
Walker  that,  when  salts  which  contain  a  great  deal  of  water 

in  their  composition,  as  carbonate  of  soda^  sulphate  of  soda, 
muriate  of  lime,  &c.  are  dissolved  in  water,  the  tempe- 
rature sinks  considerably ;  and  the  fall  is  proportional  to  the  ' 
rapidity  of  the  solution.  But  when  the  same  salts,  pre* 
viously  deprived  of  their  water  by  exposure  to  heat,  are 
dissolved,  the  temperature  of  the  mixture  rises  consider* 
ably, 

3.  It  may  be  laid  down  as  a  rule  to  which  there  are  few  An  increase 
exceptions,  that  when  the  compound  formed  by  the  union  ^**.*"J**^ 
of  two  bodies  is  more  fluid  or  dense  than  the  mean  fluidity  beat^ 

or  density  of  the  two  bodies  before  mixture,  then  the  tem- 
perature sinks;  but  when  the  fluidity  or  the  density  of  the 
new  compound  is  less  than  that  of  the  two  bodies  before 
mixture,  the  temperature  rises;  and  the  rise  is  pretty  nearly 
proportional  to  tlie  difference.  Thus  i^en  snow  and  And  the 
common  salt  are  mixed  together,  they  gradually  melt,  and  coj^^ry, 
assume  the  form  of  a  liquid.  During  the  whole  process  of 
melting,  the  temperature  continues  at  zero  or  lower ;  but 
whenever  the  solution  is  completed,  the  temperature  rises. 
On  the  other  hand,  when  spirits  and  water  are  mixed 
together,  a  condensation  takes  place;  for  the  ?pecific  gravity 
is  greater  than  the  mean.  Accordingly  the  mixture  becomes 
*hot.  When  four  parts  of  sulphuric  acid  and  one  part  of 
watep  are  mixed  together,  the  density  is  very  much  in- 
creased; accordingly  the'temperature  of  the  mixture  sud- 
denly rises  to  about  300^ 

4.  We  now  see  the  reason  why  those  salts  which  contain 
water  in  abundance  produce  cold  during  their  solution :  the 
water,  while  it  constituted  a  part  of  them,  was  in  a  solid 

TH>L.  I.  M 
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BookL  State;  bat  when  the  salt  is  dissolyed,  it  becomes  liquid. 
Difistonl.  gjj,^  ^ggg  gj^  jf  jjjgy  jjg  deprived  of  their  water,  pro- 
duce heat  during  their  solution,  it  cannot  be  doubted  that 
the  water,  before  it  dissolves  them,  combines  first  with 
them,  so  as  to  form  a  solid,  or  at  least  a  soluticm  of  con- 
siderably greater  density. 

From  the  experiments  of  Gay  Lussac  it  appears  still  more 
clearly  that  the  evolution  of  heat  or  cold  in  sudi  cases  de- 
pends upon  the  change  of  the  water  from  a  state  of  solidity 
to  a  9tate  of  liquidity,  or  vice  versa.  He  mixed  together 
a  solution  of  nitrate  of  ammonia  of  the  specific  gravity 
l'S02  at  the  temperature  of  61 'S®  with  water  in  the  pro- 
portion of  44*05  of  the  former  and  S3*76  of  the  latter. 
The  temperature  of  the  mixture  sunk  8*9%  yet  the  density 
increased.  For  the  mean  dtosity  would  have  been  1*151, 
while  the  density  of  the  mixture  was  1*159.  This  acute 
experimenter  mentions  several  similar  examples;  though  in 
none  of  them  was  the  absorption  of  heat  so  great  as  in  the 
instance  which  I  have  selected.* 

8oIidi6ct-       5.  Whenever  water  is  solidified,  a  considerable  propor- 
tion of—  r    i^ 


ttr  evdra  ^^^  ^^  ^^  ^^^  ^  evolved.  Hence  the  reason  that  a  great 
heftt.  deal  of  heat  is  produced  by  sprinkling  water  upon  quick- 
lime. A  portion  of  the  water  combines  with  the  lime,  and 
forms  with  it  a  dry  powder  totally  destitute  of  fluidity.  For 
the  same  reason  heat  is  produced  when  quicklime  is  thrown 
into  sulphuric  acid. 
Depends  on  6.  The  whole  of  these  phenomena,  and  likewise  the 
latent  heat.  gyQiQtion  of  beat  during  putrefaction  and  fermentation,  are 
sufiiciently  explained  by  Dr.  Black's  theory  of  latent  heat 
Fluidity,  in  all  cases,  is  produced  by  the  combination  of 
caloric  with  the  body  that  becomes  fluid.  Hence  a  mixture, 
when  it  becomes  fluid,  must  absord  caloric ;  which  is  the 
same  as  saying  that  it  must  produce  cold.  On  the  other 
hand,  when  a  fluid  body  becomes  solid,  heat  must  be 
evolved  ;  because  a  fluid  can  only  become  solid  by  parting 
with  its  caloric  of  fluidity.  But  the  application  of  the 
theory  to  all  cases  of  changes  in  temperature  by  mixture  is 
so  obvious,  that  it  is  quite  umiecessary  to  give  any  fiurther 
illustration. 

7.  In  most  combinations  which  evolve  heat  or  cold,  a 

*  Ann.  de  Chim.  et  Phjs.  i.  214. 
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change  takes  place  in  the  specific  caloric  of  the  bodies  com-  Chip.  li. 
bined.    To  this  change  Dr.  Irvine  ascribed  the  whole  of  the  ^•^■v**^ 
heat  or  cold  evolved.    Though  he  appears  to  me  to  have 
carried  this  doctrine  too  fiur,  me  change  most  doubdess  be 
allowed  to  have  considerable  eSkcL 

ru  ELECntlCITV. 

'  1.  It  is  well  known  that  when  an  excited  body  is  dis* 
charged  through  air,  there  always  appears  ft  very  bright 
flash  of  lig^t,  familiarly  known  by  the  name  of  the  sparlu 
This  spark  when  sufiiciently  strongs  produces  all  the  effects 
of  heat  It  fuses  the  most  refractory  metals,  and  sets  fire 
to  gunpowder,  to  alcohol,  and  other  combustible  bodies* 
Henc^  it  is  obvious,  that  electricity  evolves  both  heat  and 
light  bideed  the  quantity  of  heat  produced  by  the  action 
of  a  large  galvanic  battery  is  nearly  as  intense  as  that  pro- 
duced by  the  most  powerful  burning  glasses,  or  by  the 
combustion  of  a  mixture  of  oxygen  and  hydrogen  gases. 
This  is  clearly  shown  by  the  experiments  of  Mr.  Children 
with  his  magnificent  galvanic  apparatus.* 

2.  The  effects  which  electricity  produces  upon  metallic  Efi^  cm 
bodies  seem  to  be  inversely  as  their  powers  of  conducting  "'^^^^ 
electricity.  The  best  conductors  are  least  injured  by  its 
action,  and  the  worst  conductors  are  most  injured.  Van 
Marumf  made  the  full  charge  of  a  battery,  charged  by  the 
Teylerian  machine^  to  pass  through  wires  ^^  of  an  indi  in 
diameter,  and  consisting  of  different  metals  in  succession. 
The  Allowing  table  exhibits  the  length  of  each  wire  melted 
by  the  discbai^* 

Inchet.  Inches. 


Lead  wire  •  • 120 

Tm 120 

Iron 5 

Gold S-^ 


Silver   -^ 

Copper  \   •  • . « 0*25 

Brass   J 


By  equal  discharges  of  the  battery* 

A  wire  of  ircno,  -^  inch  in  diameter,  was  melted  the 

length  of 16 

•  PWl.  Trans.  1815,  p.  368. 

t  Premiere  'continuation  det  experiences  faitet  par  U  moj/m  de  la 
machine  eledrique  Teylerienne. 
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IncfaeSk 

Book  I.    A  wife  o(  silver,  -^  inch  in  diameter,  (partly  melted, 

^i][i^'  I»rtly  reduced  to  small  bits) 8-5 

■    ■ copper,  ^  inch  in  diameter,  (not  melted)  •  0*25 

— —  brass,  315.  inch  in  diameter,  (partly  melted, 

partly  reduced  to  small  bits) 12 

Now  it  appears  from  the  experiments  of  Van  Manim, 
that  coffer  is  a  much  better  conductor  of  electricity  thaji 
brass  or  iron. 

When  electrical  shocks  are  made  to  pass  through  a  good 
conductor,  a  thermometer  placed  in  the  conductor  does  not 
rise.  Van  Marum  made  a  stream  of  electric  matter  pass  to 
the  bulb  of  a  thermometer;  it  rose  from  80^  to  100^.  In 
the  vacuum  of  Im  air  pump,  a  thermometer  in  the  same 
circumstances  rose  to  120^  Being  placed  in  oxygen  gas 
and  in  azotic  gas,  both  rarefied  to  the  same  degree,  the  rise 
of  the  thermometer  was  the  same.* 

Mr.  Children's  experiments,  with  his  powerful  galvanic 
battery,  were  more  susceptible  of  accuracy  than  those  of 
Van  Maruxn,  owing  to  the  uninterrupted  flow  of  the  elec- 
trical current  Henee,  in  all  probability,  they  are  more  to 
be  depended  on.  From  the  length  of  metallic  wires  brought 
into  fusion  by  this  batter}',  it  would  appear  that  the  order 
of  the  metak  as  conductors  of  electricity  is  as  follows^f 

^  1.  Siker        3.  Gold  5.  Iron 

2.  Zinc  4.  Copper  6.  Platinum. 

It  is  very  remarkable,  that  when  metals  are  ignited  by 

electricity,  they  remain  longer  red  hot  than  when  the  same 

eSfect  is  induced  by  a  common  fire.     It  would  be  difficult 

by  a  common  fire  to  ignite  a  wire  of  zinc.     But  this  may  be 

readily  done  by  means  of  a  galvanic  battety. 

HeatcvoW-     ^'  Whenever  two  bodies  in  difierent  electrical  States,  the 

edby  an     one  plus,  the  Other  minus,  are  brought  near  each  other,  so 

charee^  **"  as  to  produce  a  discharge  and  destroy  the  excitement,  heat 

is  always  evolved.     What  is  the  cause  of  this  heat  ?  By  those 

who  consider  the  two  states  of  electricity  as  two  distinct 

fluids,  this  question  is  considered  as  capable  of  a  ready 

answer.     Heat,  say  they,  is  formed  by  the  union  of  the  two 

electricities.     While  separate,  they  produce  the  phenomena 

•  Phil.  Mag.  viii.  193.  f  PhJl.  Tnwf.  1815,  p.  367. 
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of  electricity ;  but  when  iinited,  they  lose  dieir  electrical  chap.  ll. 
properties,  and  constitute  heat  The  British  philosophers,  ^"^v**^ 
however,  who  do  not  admit  of  the  existence'  of  negative 
electricity  as  a  distinct  substance,  but  consider  it  as  the  con<- 
aequence  of  a  body  being  deprived  of  the  usual  dose  of 
electricity  which  it  possesses  when  in  a  neutral  state,  have 
not  been  able  to  answer  the  question  in  a  satisfactory 
manner, 

4*  Berzelius  has  contrived  a  theory  of  combustion  and  Benelias*t 
of  chemical  affinity,  which  Jias  a  very  plausible  appearance,  JJJl^Hat- 
and  which  has  been  embraced,  either  entirely  or  with  some  tion. 
modifications,  by  several  of  the  most  eminent  chemists  of  the 
present  day.  According  to  him,  all  bodies  which  have  an 
affini^  for  each  other  are  in  two  opposite  states  of  electri- 
city, and  the  more  intensely  each  is  excited,  the  stronger  is 
their  affinity  for  each  other.  When  they  unite,  these  oppo- 
site electricities  are  neutralized  either  in  part  or.  entirely} 
and  the  neutralization  produces  the  phenomena  of  combus^ 
tion,  namely,  the  extrication  of  heat  and  light.  If  we  were 
to  modify  this  theory  by  adopting  the  French  hypothesis, 
jthat  resinous  electricity  is  a  distinct  fluid  as  well  as  vitreous 
electricity;  and  if  we  were  to  suppose  farther,  that  the 
union  of  these  two  electricities  constitutes  the  body,  which  is 
capable,  according  to  circumstances,  of  assuming  the  form 
of  heat  or  of  light ;  in  that  case  the  phenomena  of  combus- 
tion would  admit  of  a  simple  ai^d  complete  explanation. 
The.hypotiiesi&r  is  plausible ;  but  it  cannot  be  adopted  with 
safety  till  Berzelius's  theory  of  chemical  affinity  be  better 
demonstrated  than  has  hitherto  been  possible.  That  every 
body  in  nature  has  .a  peculiar  per|i>anent  electrical  state 
which  it  never  loses,  exc^t  by  combining  with  another 
body,  and  that  bodies  which  combine  are  always  in  opposite 
states  of  electricity,  may  rather,  in  most  cases,  be  considered 
as  an  assertion  than  a  deduction  from  this  phenomena. 
Oxygen  and  chlorine,  for  example,  ore  two  bodies  which 
are  conceived  to  be  always  n^;atively  electric*  Phosphorus 
and  sulphur,  with  which  they  unite,  are  positive.  Let  it  be 
admitted  that  these  consequences  are  legitimately  deduced 
from  the  galvanic  experiments  of  Berzelius,  confirmed  by 
Davy.  Oxygen  and  chlorine  are  capable  of  uniting  and  of 
forming  permanent  compound^.  This  I  consider  as  incon-* 
sistent  with  Berzelius^s  doctrine  of  chemical  affinity^  taken  in 

.  1 
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Book  I.  its  broadest  extent  The  reason  of  the  union,  lie  says,  i% 
PIl'^^V  that  the  oxygen  is  much  more  intensely  negaldye  than  the 
chlorine.  But  if  negative  electrid^  be  a  peoiliat  fluid,  the 
particles  of  which  repel  each  other,  I  do  not  see  how  bodies 
charged  with  it  can  unite;  or  at  any  rate^  the  union  destroys 
the  hypothesis  that  chemical  affinity  depends  upon  the 
.different  electrical  states  of  bodies.  'Hie  subject  will  j^qoive 
a  much  closer  examination  than  it  has  hidierto  met  with, 
befcve  the  theory  of  Berzdius  can  be  either  adopted  or 
xeyected* 


CHAP.  III. 

OF  ELECTBICITn 


'  If  we-mb  a  piece  of  sealing  wax  or  a  glass  tube  with  a 
woollen  doth,  or  the  finr  from  the  back  of  a  cat,  and  then 
bring  into  its  nei^bourhood  very  small  fragments  of  paper, 
or  the  down  of  feathers,  we  shall  find  that  diese  minute  bo- 
dies will  be  attracted  by  it,  will  adhere  for  .some  time  to  its 
BUffiuse,  and  then  be  again  repelled.  This  property,  which 
certain  bodies  acquire  by  friction,  was  observed  by  the 
andents.  Amber  was  the  substance  in  which  it  was  princi- 
pally distinguished.  Now  the  Greek  name  for  amber  is 
Origin  of  c^x7poy.  On  that  account  the  property  recdved  the  name  of 
the  term,  electricity »  Several  other  bodies  were  observed  to  possess 
Histofj.  electrical  properties  by  Gilbert  and  Boyle.  But  Mr.  Ste- 
phen Grey,  of  the  Royal  Sodety  of  London,  was  probably 
the  first  person  who  made  the  subject  a  serious  and  conti* 
nued  study.  He  began  his  dectrical  experiments  in  the 
year  1720,  and  continued  them  till  the  period  of  his  death 
in  1736.  He  found  that  certain  bodies  could  be  rendered 
electric  by  firiction  while  others  could  not.  Glass,  resin, 
sulphur,  fiUk,  wool,  hair,  paper,  &c.  belong  to  the  first  class 
of  bodies;  metals,  and  most  liquids,  to  the  second.  When  a 
glass  tube  is  excited  (the  name  by  which  the  dectric  state  is 
denoted  by  dectricians)  by  friction,  if  it  be  brought  within 
a  certain  distance  of  a  metallic  rod,  however  lon^  the  rod 
acquires  the  property  of  attracting  light  bodies,  provided  it 
be  suspended  by  silk  threads  or  hiair;  but  not  if  it  be 
suspended  by  linen  or  metal.    He  found  that  the  same  wn 
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the  case  with  liquids.  But  glass,  resin,  and  the  other  bodies  C^p*  HI; 
capable  of  being  excited  by  friction,  do  not  acquire  this 
property  when  placed  near  a  body  in  an  electric  state. 
Those  bodies  capable  of  being  excited  by  friction,  Mr.  Gray 
called  electrics^  the  others  were  non-electrics.  Hiose  bodies 
which  become  electric  by  being  placed  in  the  neighbourhood 
of  an  excited  body,  he  called  conductors;  those  which  do 
not,  he  called  non-conductors.  The  electrics  he  found  were 
all  non-conductors :  while  the  nonrclectrics  were  all  conductors. 
The  electrics  or  non-conductors  must  be  employed  to  sus- 
pend or  insulate  metals  when  they  are  to  receive  and  retain 
electricity :  the  conductors  or  non-electrics  will  not  answer 
that  purpose. 

M.  Dufay,  a  French  philosopher  of  considerable  celebrity, 
turned  his  attention  to  electricity,  seemingly  in  consequence 
of  the  experiments  of  Gray ;  and  in  the  year  1 734  published 
a  paper  in  the  Philosophical  Transactions*  containing  two 
capital  discoveries ;  the  second  of  which  may  be  considered 
as  constituting  the  foundation  stone  of  the  science  of  elec- 
tricity. 1.  When  an  excited  body  is  placed  in  the  neigh- 
bourhood of  a  light  body  in  its  natural  state,  it  attracts  the 
body,  and  continues  to  attract  it  till  it  has  acquired  a  state 
of  excitement  It  then  repels  it.  As  soon  as  the  light 
body  has. lost  its  electricity  by  coming  in  contact  with  some 
body  in  its  natural  state,  it  is  again  attracted,  and  becoming 
a  second  time  electric,  is  repelled  as  before.  So  that  excited 
bodies  atti*act  bodies  in  their  natural  state,  but  repel  them 
when  excited.  2.  There  are  two  kinds  of  electricity ;  the 
first  belonging  to  glass,  rock  crystal,  precious  stones,  hair, 
and  wool ;  the  second  to  amber,  copal,  lac,  silk,  thread, 
paper,  resins,  &c.  The  first  kind  he  called  vitreous  electri'* 
city,  the  second  resinous  electricity.  When  bodies  possess 
the  sarne  kind  of  electricity,  they  repel  each  other;  when 
they  possess  different  kinds  of  electricity,  they  attract  each 
other. 

These  discoveries  excited  the  universal  attention  of  phi- 
losophers. The  science  was  cultivated  with  assiduity  in 
every  part  of  Europe^  and  likewise  in  America,  and  has 
been  gradually  brought  to  its  present  state.  The  two  most 
distinguished  electricians  after  the  two  that  have  been  men- 

*  Phil.TriD8.  vol.  znviii.  p.  358.  He  puUiahed  eigbt  dissertatioiis 
•D  dectiidty,  in  the  Hemoixi  of  the  French  Academy  of  Sdendw. 
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Book  I.  tloned,  are,  perhaps,  Franklin  and  Volta.  The  first  disco- 
Division  h  ver^  ii^Q  identity  of  thunder  and  electricity,  and  contrived 
an  ingenious  theory,  which  united  all  the  facts,  and  afforded 
a  plausible  explanation  of  the  phenomena.  The  second 
discovered  that  conductors  when  brought  in  contact  acquire 
different  electric  states,  and  was  led  by  this  discovery  to 
contrive  the  Voltaic  pile,  which  has  been  so  important  an 
instrument  of  investigation  in  the  hands  of  chemists.  Elec- 
tricity contains  so  vast  a  collection  of  facts,  that  it  would  be 
impossible  to  detail  them  in  the  present  work;  and  even  if 
it  were  possible  it  would  be  improper,  because  the  greater 
part  of  them  have  no  connection  with  the  science  of  che- 
mistry. I  propose,  hereafter,  to  treat  of  the  science  of 
electricity  in  a  separate  work.  At  present  I  shall  merely 
give  such  a  sketch  of  the  theory  as  will  enable  tlie  reader  to 
appreciate  the  electrical  experiments  which  now  constitnte 
an  indispensable  part  of  every  system  of  chemistry. 

Twoeieo-  1.  Electricity  may  be  conceived  to  be  produced  by  the 
"'  ' '  agency  of  a  subtile  fluid,  of  such  a  nature  that  no  quantity 
of  it  which  we  can  accumulate  in  bodies  is  capable  of  pro^ 
dudug  any  perceptible  effect  upon  the  most  delicate  balance* 
The  electric  fluid  then,  supposing  it  to  exist,  is  impon- 
derable. Dufay's  original  opinipn  that  there  exist  two 
kinds  of  electric  fluids,  the  vitreous  and  resinous,  seems 
to  me  to  correspond  better  with  all  the  phenomena,  and 
to  lead  to  fewer  perplexing  consequences  than  the  theory 
afterwards  substituted  for  it  by  Dr.  Franklin.  According 
to  him  bodies  may  be  excited  two  ways,  either  by  adding  to 
them  a  superabundant  quantity  of  electricity^  or  by  depriv- 
ing them  of  a  portion  of  what  they  naturally  contain. 
W^hen  in  the  first  state,  he  said  that  they  were  electrified 
positively  or  plvs;  when  in  the  second  state,  he  said  that 
they  were  electrifijed  negatively  or  minus.  When  thqr  con- 
tain their  usual  quantity  of  the  fluid  they  exhibit  no  signs 
of  electricity,  in   that  case  they  are  said  to  be  neutral. 

Vitreouf,  Franklin's  positive  electricity  is  the  same  with  the  vitreous 
electricity  of  Dufay;  while  his  negative  electricity  is  the 

Resinous,  resinous  electricity  of  Dufay.  This  theory  of  Franklin  was 
put  into  a  mathematical  dress  by  Epinus  and  Cavendish, 
and  has  been  almost  universally  adopted  both  in  Great 
Britain  and  on  the  continent.  But  the  recent  discoveries 
made  in  the  science,  by  the  invention  of  the  Voltaic  pik^i 
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jtedn  to  me  to  agree  much  better  with  the  theory  of  Dufay  Chtp.  itt. 
dian  with  that  of  Franklin;  I  shall  therefore  adopt  it  in  ^— v"^ 
preference  in  the  present  sketch. 

2.  From  the  experiments  of  Coulomb  we  are  entitled  Attraction 
to  infer  that  the  vitreous  electricity  attracts  the  resinous ""  '*^" " 
with  a  force  inversely  as  the  square  of  the  distance.  But"**°*'di' 
the  particles  of  the  vitreous  electricity  repel  each  other  with 

a  force  inversely  as  the  square  of  the  distance,  and  the  same 
law  holds  with  the  particles  of  the  resinous  electricity. 

3.  When  the  two  electricities  are  combined  together  they 
nt&utralize  each  other,  amd  in  that  case  the  body  containing 
them  exhibits  no  sign  of  electricity:  But  when  the  two 
electricities  are  separated  from  each  other,  and  accumu- 
lated either  in  different  bodies  or  in  different  parts  of  the 
same  body,  in  such  cases,  the  bodies  so  circumstanced 
exhibit  signs  of  electricity,  by  attracting  or  repelling  light 
bodies,  and  are  then  said  to  be  in  a  state  of  excitement. 

4.  Through  some  substances  the  electric  fluids  are  capa-  Conductors 
ble  of  passing  with  great  facility;  while  tiirough  other  ^^^^^^J^^ 
bodies  tiiey  pass  with  considerable  difficulty  or  not  at  all. 

The  first  set  of  bodies  are  called  conductors,  the  second 
non-conductors. 

All  metals  are  conductors ;  so  is  charcoal,  and  plumbago, 
and  most  liquids.  Glass,  resins,  sulphur,  diamond,  phos- 
phorus, precious  stones,  silk,  hair,  wool,  are  non-con- 
ductors. 

5.  When  two  bodies  are  rubbed  against  each  other,  the  Exdt^ 
two  electricities  are  separated  from  each  other  by  the  fric-  ^^^^ 
tion;  one  of  them  is  accumulated  in  one  of  the  bodies,  and 

the  other  in  the  other.  Hence  both  bodies  become  excited, 
the  one  possessing  vitreous  and  tiie  other  resinous  electri- 
city. If  the  bodies  be  conductors,  this  state  cannot  con- 
tinue for  an  instant,  unless  they  be  insulated ;  but  if  the 
bodies  be  non-conductors  the  state  possesses  some  perma- 
nence. Hence  non-conductors  alone  in  ordinary  cases  can 
be  excited.  It  is  on  ttiis  account  that  they  have  received 
the  name  of  electrics.  ^Vhen  the  substances  contained  in 
the  following  table  are  rubbed  against  each  other,  the  one 
that  stands  first  in  the  list  acquires  the  vitreous  electricity, 
and  the  one  that  follows  it  acquires  the  resinous  electricity. 
Thus  the  fiur  of  a  cat  becomes  vitreously  electric  against 
whatever  substance  it  is  rubbed,  while  rough  glass  becomes 
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Book  I.  resinously  electric  when  rubbed  against  any  body  in  tfae 
tablet  except  sulphur.  Feathers  when  rubbed  against  wool 
become  resinously  electric;  bilt  they  become  vitreously 
electric  when  rubbed  against  wood. 


The  finr  of  a  cat 
Polished  glass. 
Woolen  doth. 
Feathers. 
Wood. 


Electrics.  The  finr  of  a  cat  Paper. 

Silk. 
Lac 

Rough  glass. 
Sulphur. 

6.  The  electricities  when  sqNin^^  from  eadi  other  are 
capable  of  movjng  through  conductors  with  InconceiTable 
vdocity.  It  appears  from  the  experiments  of  Sir  William 
Watson,  and  die  other  members  of  the  Royal  SocieQTy 
who  accompanied  him,  that  the  chaige  of  a  leyden  phial 
passed  through  a  metallic  wire  several  miles  in  length, 
(12276  feet)  with  a  dq^ree  of  velocity  so  great,  that  no  per* 
ceptible  time  was  seen  to  ellipse  between,  completing  the 
circuit  and  receiving  the  shock.*  Mr.  Gavendidi  however 
ascertained  that  iron  wire  conducts  400  million  of  times 
better  than  pure  water;  that  sea  water  containing  one 
thirtieth  of  salt  conducts  100  times  better  than  pure  water, 
and  that  a  saturated  solution  of  salt  conducts  720  times 
better  than  pure  water.f  The  following  table  exhibits  a 
list  of  the  different  conductors,  arranged  according  to  their 
goodness,  as  far  as  that  has  been  ascertained.  The  higher 
in  the  table  the  substance  occurs,  the  better  a  ccmductor 
it  is. 


Conduc- 

Gold. 

Hot  water. 

tore. 

Silver. 

Cold  water. 

Copper. 

Liquids,  excepting  oils. 

Brass. 

Red-hot  glass. 

Platinum. 

Melted  resin. 

Iron. 

'Flame. 

Tin. 

Ice,  not  too  cold. 

Mercury. 

Metalline  salts. 

Lead. 

Salts  in  generaL 

Other  metals. 

Animal  fluids. 

Metallic  ores. 

Acids. 

Charcoal. 

Saline  solutions. 

*  PhU.  Traos.  1748,  p.  49, 

and  491.           f  Ibid.  1776,  p.  196 
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Earths  and  soft  stones.  Steam  or  vapour.  Chap.  in. 

Glass  filled  with  boiling  water.     An  imperfect  vacuum.     ^'— ^r--^ 
Smoke.  *  Hot  air. 

7.  In  what  way  the  electric  fluids  are  retained  in  bodies 
has  not  been  yet  made  out  in  a  satisfactory  manner.  But 
the  air,  which  is  itself  a  non-conductor,  seems  to  be  a 
principal  agent  At  least  it  is  known  that  bodies  cannot 
be  excited  ui  vacuo,  the  electricity  making  its  escape  as  soon 
as  evolved. 

8.  The  electric  fluid  appears  to  spread  itself  over  the  Distribii. 
8ur&ce  of  bodies.     For  the  quantity  which  can  be  accu-  ^'?"  o^«*«- 
mulated  in  a  body  is  always  proportional  to  its  surface.     If 

a  hollow  metallic  sphere  and  a  solid  metallic  sphere  of  the 
same  diameter  be  both  equally  charged  with  electricity,  the 
quantity  accumulated  in  the  hollow  sphere  will  be  just  as 
great  as  that  accumulated  in  the  solid  sphere.  M.  Poisson 
has  lately  reduced  to  calculation  the  manner  in  which  elec- 
tricity is  distributed  on  the  surface  of  bodies.  If  the  body 
electrified  be  a  sphere,  the  fluid  will  be  of  an  equal  thick- 
ness over  every  part  of  the  sur&ce.  If  the  body  be  an 
ellipsoid,  the  electricity  will  be  thickest  at  the  extremities 
of  the  larger  axis,  and  thinnest  at  the  extremities  of  the 
smaller  axis.  The  whole  fluid  will  assume  the  form  of  an 
ellipsoidal  shell,  r^;ulated  by  these  laWs.  In.  every  case 
the  exterior  sur&ce  of  the  electric  fluid  is  the  same  with, 
that  of  the  body ;  the  problem  is  always  reduced  to  find- 
ing the  form  of  the  interior  surface.  If  two  excited  spheres 
be  in  contact,  the  point  of  contact  is  neutral,  and  the 
greatest  quantity  of  electricity  is  accumulated  iii  each  sphere 
at  the  point  which  is  farthest  remote  fix>m  the  point  of  con- 
tact. The  quantity  of  dectrici^  in  each  increases  from 
the  point  of  contact  to  the  maximum  point,  according  to 
laws  which  depend  upon  the  relative  diameters  of  the  two 
spheres,  and  which  have  been  determined  by  M.  Poisson 
in  a  variety  of  cases.  Thus  in  the  case  of  two  spheres,  the 
diameter  of  the  first  of  which  was  to  that  of  the  second 
lui  1  to  2,  the  relative  thickness  of  the  electricities  at  the 
following  points  from  the  place  of  contact  was  as  follows. 

300.  • Insensible. 

60 0*5563 

90 1*0000 

180 VSBSSp 
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Book  I.  When  the  conducting  body,  in  which  electricity  is  accumu^ 
Division  I.  lated,  terminates  in  a  sharp  point,  the  accumulation  of 
^""^^^^  electricity  at  the  point  is  much  greater  than  if  the  extre- 
mity were  hemispherical.  Hence  tlie  reason  why  a  pointed 
body  discharges  electricity  more  readily  than  a  rounded 
body.  Hence  the  superior  advantage  of  points  at  the  ex- 
tremity of  thunder  rods. 

8.  If  an  insulated  plate  of  zinc  be  placed  upon  an  insu- 
lated plate  of  copper,  and  then  withdrawn,  if  we  examine 
the  state  of  the  electricity  of  each  by  means  of  Volta's  con- 
denser, we  shall  find  that  both  are  in  a  state  of  excitement, 
and  that  the  electricity  of  the  zinc  is  vitreous,  and  that  of 
Origin  of  the  copper  resinous.  This  fact  was  discovered  by  Volta 
galvanism,  ^hen  he  repeated  the  experiments  of  Galvani  on  frogs, 
about  the  year  1791,  and  it  induced  him  to  conclude,  that 
what  Galvani  termed  animal  electricity^  was  brought  about 
by  the  agency  of  common  electricity.  Galvani  found  out 
by  accident  that  if  the  crural  nerve  and  the  muscles  of  the 
leg  of  a  frog -be  laid  bare,  if  we  place  a  piece  of  zinc  upon 
the  nerve,  and  a  piece  of  copper  upon  the  muscle,  and 
while  the  two  pieces  of  metal  are  in  this  position  make 
them  touch  each  other,  the  leg  of  the  frog  is  immediately 
thrown  into  violent  convulsions.  Galvani  conceived  that 
the  convulsions  were  produced  by  means  of  a  fluid,  which 
he  called  animal  electricity,  which  in  his  opinion  was 
lodged  in  the  nerve  and  conveyed  to  the  muscles  by  means 
of  the  metals.  Volta  ascribed  them  to  the  electricity 
evolved  by  the  contact  of  the  two  metals^  and  which,  though 
small,  was  sufficient  to  produce  sensible  eJBTects  upon  organs 
of  so  delicate  a  nature.  After  meditating  upon  the  subject 
for  about  nine  years,  he  discovered  that  if  about  40  or  50 
pieces  of  zinc,  and  as  many  of  copper  be  procured,  cacli 
about  the  size  of  a  half-crown  piece,  together  witli  as  many 
round  pieces  of  cloth  impregnated  with  a  saturated  solution 
of  common  salt,  and  if  these  be  piled  up  upon  each  other 
in  the  following  order, 

dvtnic     !•  A  zinc  plate.        4.  A  zinc  plate.        7.  A  zinc  plate. 
P»J«'  2.  A  copper  plate.    5.  A  copper  plate.    8.  A  copper  plate. 

S.  A  piece  of  coth.  6.  A  piece  of  clotbiP9«  A  piece  of  cloth. 

In  this  way  you  proceed  till  all  the  plates  have  been  piled 
up  in  order  with  a  piece  of  cloth  between  each  pair.     The 
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cloth  should  be  of  a  somewhat  smaller  diameter  than  the  chap.  III. 
metallic  plates,  and  care  should  be  taken  not  to  soak  it  with  ^""V^ 
80  much  of  the  liquid  that  any  of  it  will  be  squeezed  out  by 
the  weight  of  the  plates  placed  above  it.  If  each  pair  of  zinc 
and  copper  plates  be  soldered  together  so  much  the  better. 
Care  must  be  taken  (supposing  them  soldered)  that  the 
plates  be  so  placed  in  the  pile,  that  the  same  metal  is  always 
undermost  in  each  pair.  Volta  discovered  that  a  pile^  con- 
structed in  this  way,  furnishes  a  continued  stream  of  elec- 
tricity for  a  considerable  time.  He  published  a  description 
of  this  new  iqpparatus  in  the  Philosophical  Transactions  for 
1800.  It  became  immediately  celebrated  in  every  part  of 
Europe  under  the  name  of  the  Galvanic  or  Voltaic  pile.  Mr. 
Cruickshanks,  of  Woolwich,  soon  after  substituted  a  trough 
of  wood  for  the  pile.  It  was  made  water  tight,  and  covered 
within  with  pitch;  and  the  pairs  of  plates,  previously  scJdered 
together,  were  cemented  at  small  distances  from  each  other, 
so  as  to  leave  a  cell  betwe^i  each.  These  cells  were 
filled  with  water  holding  some  salt  in  solution,  or  impreg- 
nated with  about  a  thirtieth  part  <^  its  weight  of  sulphuric, 
nitric,  or  muriatic  acids. 

More  lately  an  improvement  has  been  introduced  into  Trough, 
these  troughs,  which  adds  considerably  to  the  convenience 
of  the  experimenter,  and  at  the  same  time  increases  the 
•energy  of  the  apparatus.  The  troughs  are  made  of  stone- 
ware, with  a  suflScient  number  of  stoneware  diaphragms, 
dividing  them  into  the  requisite  number  of  cells*  The  me- 
tallic plates  are  square,  and  a  slip  of  metal  of  the  shape  of 
the  letter  U  is  made  to  join  each  pair,  by  one  end^  being 
soldered  to  the  extremity  of  a  zkic  plate,  and  the  other  end 
to  the  extremity  of  a  copper  plate.  One  of  these  plates  is 
■dipped  into  one  cell,  and  the  other  into  the  contiguous  cell, 
while  the  metallic  sHp  that  unites  them  passes  over  the  dia- 
phragm that  divides  the  two  cells.  AH  the  plates  thus 
4mited  together  are  fixed  to  a  metallic  rod  above,  so  that 
-they  may  be  lifted  out  of  the  trough  altogether,  either  by 
the  hand,  or,  if  too  heavy  for  the  hand,  by  means  of  a  pully 
properly  placed  for  the  purpose*  Tliis  structure  will  be 
understood  by  inspecting  the  following  figure. 
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Volta  at  first  coDBtructed  hispUeiofpiateaof  met&Iaboitf 
the  size  of  half  crowns ;  but  it  was  oflerwsrda  ascertained, 
that  the  energy  of  the  pilet  at  least  aa  &r  as  cbemical  ph^ 
nomeua  are  concerned,  increases  in  proportion  to  the  size  of 
the  pieces.  At  present  ihey  are  usually  made  of  a  diameter 
amounting  to  4,  6,  or  8  inches.  Indeed,  Mr.  Children  con- 
'  structed  one,  each  plate  of  which  was  6  feet  long  and  about 
4  broad.  Several  of  tbese  troughs  are  oStea  joined  together 
m  experiment.  The  apparatus  is  then  called  a  Calvamc  or 
y<oltak  battery. 

Suppose  a  pile  constructed  according  to  Volta's  method. 
■  If  a  condenser  be  applied  to  that  end  of  it  in  which  the  zinc 
plate  is,  we  shall  find  that  it  is  charged  with  vitreous  «lec- 
trici^.  By  the  same  method  we  shall  find  that  the  elec- 
tricity of  the  c(q>per  end  is  resinous.  If  we  moisten  our  fin- 
gers, and  apply  those  of  one  band  to  the  one  end  of  the 
pile,  upon  touching  the  copper  end  with  the  other  hand,  we 
receive  a  shock,  ^e  violence  of  which  is  always  propor- 
tional to  the  number  of  pairs  of  plates  in  the  pik.  When 
they  amount  to  several  hundreds,  the  shock  is  so  nolent  as 
to  be  painful.  Even  in  that  case,  if  three  or  four  people 
takeholdofeach  other's  hands,  and  formadiain,andifthe 
two  persons  at  the  extremities  touch  each  an  end  of  the  pile^ 
they  alone  feel  the  shock,  while  the  intermediate  peraoni 
are  sensible  of  nothing.  When  one  person  touches  the  two 
ends  of  the  pile  with  his  two  hands,  he  feela  the  shock  much 
more  violently  in  his  arms  than  in  any  other  part  of  his 
body. 
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.    If  a  wire^of  gold  or  platiiium  be  fixed  to  each  extremity  cta^  uu 
of  the  pile,  and  the  odier  extremity  be  introduced  into  a  ^^— v— ^ 
fflasB  containing  water,  and  so  placed  that  the  ends  of  the  Chemical 
wires  approach  near  each  other,  but  do  not  touch,  a  stream  ^^,^  ^^  * 
of  gas  wUl  be  perceired  to  flow  from  each  wire^  and  the  gas 
from  the  wire,  proceeding  from  th^  n^ative  or  resinous  end 
of  the  pile,  is  twice  as  great  as  that  proceeding  from  the  other 
wire.     If  these  gases  be  collected  in  separate  vessels,  it  will 
be  found  that  the  gas  proceeding  from  the  n^ative  wire  is 
hydrogen,  and  the  gas  from  the  positive  wire  oxygen,  ex- 
actly in  the  proportion  that  they  exist  in  water.     Hence  it 
is  inferred  that  they  are  produced  by  the  decomposition  of 
the  water.      This  important  &ct  was  first  observed  by 
Messrs.  Nidiolson  and  Carlisle. 

It  was  soon  after  observed,  that  the  galvanic  pile  is  ca- 
pable of  decomposing  many  other  substances  besides  water. 
Ammonia,  sulphoric  acid,  nitric  acid,  and  different  metalline 
salts  were  snbgected  to  its  action,  and  decomposed  in  a  si- 
milar way.  When  the  wires  proceeding  from  the  two  poles 
of  the  pile  are  oi  iron,  copper,  or  any  other  metal  except 
platinum  or  gold,  hydrogen  gas  proceeds  as  usual  from 
the  negative  wire,  but  no  gas  is  extricated  from  the  positive 
wire,  die  wire  however  is  speedily  encrusted  with  a  coat  of 
oxide.  It  is  easy  to  see  what  happens  in  this  case,  the 
oxygen  instead  of  being  extricated,  combines  with  the  wire^ 
and  converts  it  into  an  oxide. 

About  the  year  180S,  a  capital  discovay,  respecting  the  Lawof  Ber- 
action  of  the  galvanic  battery  in  decomposing  bodies,  wa^  zdiuM. 
made  by  Berzelius  and  Hisinger**  They  tried  its  effect 
upon  a  great  variety  of  salts  and  other  compound  bodies, 
and  found  that  when  they  were  decomposed,  th^  observed 
the  following  law :  Oxygen  and  adds  €tre  accuntulated  round 
the  positive  pole  ;  white  hydrogerij  alkaUeSy  earths^  and  metals, 
are  accumulated  round  the  negative  pole.  Acids  and  bases 
may  be  made  to  pass  through  a  considerable  column  of 
water,  and  even  to  cross  each  other,  in  order  to  accumulate 
round  the  pedes  to  which  they  are  respectively  attracted. 

*  The  paper  oontainuig  these  experiments  was  first  published  by 
Gehlen  in  1803,  under  the  fbllowing  title;  Versuche,  betreflRmd  die 
wirkung  der  electrischen  Saule  auf  Salze  und  auf  einige  von  ihren  Basen. 
Gehlen's  Neues  Allgemeines  Journal  der  Chemie,  i.  1 15.  It  was  after- 
wards published  in  Swedish  by  Berzelius  himself^  in  the  first  volume  of 
he  Afhandlingar,  printed  at  Stockholm  in  1806. 
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Book  I.  From  this  general  law,  Berzelius  deduced  as  AcooiequencC| 
Division  I.  ^jj^^  jjjg  decompositions  were  owing  to  the  attractions  ex^ 
isting  between  the  bodies  and  the  respective  electricities. 
He  afterwards  generalized  the  subject  still  &rther,  or  rattier 
he  adopted  the  opinion  advanced  by  Sir  Humphry  Davy, 
that  chemical  affinity  is  identical  with  electrical  attractions ; 
^  that  bodies  which  unite  chemically  possess  different  kinds 

of  electricity ;  that  oxygen  and  acids  are  always  resinpusly 
electric,  while  hydrogen,  alkalies,  earths,  and  metals,  arc 
always  vitreously  electric  Hence  the  reason^  why  the  one 
set  is  attracted  by  the  negative  pole  and  the  other  by  the 
positive. 
DifcoYcriet  Sir  Humphry  Davy  took  up  the  subject  where  Berze- 
of  Davy,  jj^g  ^^^  Hisingcr  laid  it  down.  His  celebrated  dissertation 
for  which  Bonaparte*s  galvanic  prize  was  awarded  to  him, 
contains  merely  a  verification  of  the  law  discovered  by  Ber- 
zelius and  Hisinger.  He  afterwards  went  a  step  farther. 
According  to  him  bodies  continue  united,  because  they  are 
in  di£ferent  electrical  states.  If  we  can  bring  them  into  a 
similar  state  by  making  them  both  positive,  or  botli  nega^ 
tive,  they  will  repel  each  otiier,  and  of  course  be  decom- 
posed. The  galvanic  battery  produces  this  efiect,  if  it  be 
sufficiently  powerful.  Hence  in  his  opinion,  we  have  only 
to  expose  any  compound  whatever  to  the  action  of  a  suffi- 
ciently powerful  galvanic  battery,  and  it  will  be  decomposed. 
He  applied  this  theory  to  the  decomposition  of  the  fixed 
alkalies,  and  succeeded,  showing  them  to  be  compounds  of 
oxygen  and  a  metallic  basis.  He  tried  the  earths  by  the 
same  means.  Some  gave  traces  of  decomposition,  while 
others  resisted  the  most  powerful  battery  which  it  was  in  his 
power  to  apply. 

The  preceding  short  sketch  will  enable  tlie  reader  to  un- 
derstand the  galvanic  experiments,  when  I  have  occasion  to 
introduce  them  in  the  subsequent  paits  of  this  wprk.  I  shall 
not  enter  here  into  any  tlieory  of  the  pile,  nor  discuss  the  res- 
pective opinions  on  the  subject  advanced  by  Vplta  and  Ber- 
zelius, neither  shall  I  describe  the  electric  column  of  Dehic 
and  Zamboni,  nor  the  secondary  piles  of  Ritter.  These 
and  many  other  topics  will  find  their  place  in  another  work, 
which  I  intend  to  publish  hereafter  on  Electricity  and  Gal- 
vanism. In  the  present  work,  I  think,  they  would  be  im- 
properly introduced,  as  they  would  divert  our  attention  too 
long  from  the  proper  phenomena  of  chemistry. 
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DIVISION  II. 

OF  PONDERABLE  BODIES. 

The  ponderable  bodies  at  present  known  amount  to  49. 
They  may  be  arranged  under  the  three  followiqg  heads. 

1*  Supporters  of  combustion,        3.  Combustibles. 
2.  Incombustibles, 

These  classes  of  bodies  will  be  treated  of  in  their  order 
in  the  three  following  chapters. 


s 


CHAP.  I. 

OF  SIMPLE  SUPPORTERS  OF  COntdUSTIOK^ 

The  term  supporter  of  combustion  T  apply  to  those  sub-    Chip.  I. 
stances  which  must  be  present  before  combustible  bodies  ^^"^v"**^ 
will  bum.    Thus  a  can^e  will  not  bum  unless  it  be  sup-  ^^cfi»»^»«»» 
plied  with  a  sufficient  quantity  of  comrrum  air.     Common 
aiff  then,  is  a  supporter  of  combustion.    But  we  are  ac- 
quainted with  several  other  substances  besides  common  ait 
which  answer  the  same  purpose,  and  the  term  supporter  is 
applied  to  them  all.    By  simple  supporters  we  understand 
such  of  those  bodies  as  have  not  hitherto  been  decom- 
pounded. 

We  are  at  present  iu:quainted  with  three  supporters  of 
combustion  that  have  not  hitherto  been  decomposed.  The 
esdstence  of  a  fourth  has  been  suspected  by  M.  Amper^ 
and  its  existence  rendered  probable  by  the  ingenuity  of  Sir 
Humphry  Davy.  These  four  bodies  have  been  distin-^ 
guished  by  the  following  names. 

1.  OiEygen,  8.  Iodine, 

2.  Chlorine,  4.  Fluorine* 

Th«y  act  so  important  a  part  in  chemistry,  that  it  is  pro« 
per  to  become  acquainted  with  them  as  early  as  possible* 
I  shall  treat  of  them  in  order  in  the  four  following  sections. 
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Book  I. 
Dmskm  11.  SECT.  I« 

OF  OXTGBK. 

Oxygen  may  be  obtained  by  the  fbUowing  prooeis : 


QzyfpBtu 


Method  of  Procure  an  iron  bottle  of  the  shape  A,  and  capable  of 
g^^g  holding  rather  more  than  an  English  pint  To  the  mouth 
of  this  bottle  an  iron  tube  bent  like  B,  is  to  be  fitted  by 
grinding.  A  gun  barrel  deprived  of  its  butt-end  answers 
the  purpose  very  well  Into  the  bottle  put  any  quantity  of 
the  black  oxide  of  manganese*  in  powder ;  fix  the  iron  tuba 
into  its  mouth,  and  the  joining  must  be  air  ti^t;  then  put 
the  bottle  into  a  common  fire,  and  surround  it  on  all  sides 
with  burning  coals<  The  extremity  of  the  tube  must  be 
plunged  under  the  surface  of  the  water  with  which  the  vessel 
C  is  filled.  This  vessel  may  be  of  wood  or  of  japanned  tin 
plate.  It  has  a  wooden  shelf  running  along  two  of  its  sides, 
about  three  inches  below  the  top,  and  an  inch  under  the  sur- 
tsLce  of  the  water.  In  one  part  of  this  shelf  there  is  a  slit, 
into  which  the  extremity  of  the  iron  tube  plunges.  The 
heat  of  the  fire  expels  the  greatest  part  of  the  dr  contained 
in  the  bottle.  K  may  be  perceived  bubbling  up  through 
the  water  of  the  vessel  C  from  the  extremity  of  the  iron 
tube.  At  first  the  air  bubbles  come  over  in  torrents ;  but 
after  having  continued  for  some  time  they  cease  altogether. 
Meanwhile  the  bottle  is  becoming  gradually  hotter.    When 

*  This  sobstsnee  shall  be  sfterwanls  described.  It  is  now  very  well 
known  in  Britain,  as  it  is  in  oommoQ  use  with  Ueachen  and  sevaral  othsr 
xnanofacturers,  from  wbcMD  it  may  be  easilj  procured. 


it  u  obacarelj  red  the  ur  babblea  make  tb«r  ^ipeannee  Cbip.  i. 
■^n,  and  become  more  sbimdant  bs  the  heat  increases.  ^'^w~* 
Tliii  is  the  ugnal  for  placing  the  glass  jar  D,  open  at  the 
lower  extrani^,  prerunuly  filled  with  water,  ao  as  to  be 
exactly  over  the  c^ien  end  of  the  gun-baireL  The  air  bub- 
bles ascend  to  the  Ic^  of  the  glass  jar  D,  and  gradually  di»* 
place  all  the  water.  The  glass  jar  0  then  appears  to  be 
empty,  but  is  in  &ct  filled  with  air.  It  may  be  removed  in 
the  following  manner :  slide  it  away  a  httle  fi-om  the  gun- 
barrel,  and  then  dipping  any  flat  dish  into  the  water  below 
it,  raise  it  on  the  dish,  and  bear  it  away.  The  dish  must  be 
allowed  to  retain  a  quantity  of  water  in  it,  to  prevent  the  air 
from  escaping  (see  E.)  Another  jar  lORy  then  be  filled  with 
air  in  the  same  manner;  and  this  process  may  be  continued 
ather  till  the  manganese  ceases  to  give  out  ur,  or  dll  as 
many  jarfuls  have  been  obtained  as  are  required.*  This 
method  of  obtaining  and  confining  air  was  first  inrented  by 
Dr.  Mayow,  and  i^rwards  much  improved  by  Dr.  Holes. 
All  the  airs  obtained  by  this  or  any  other  process,  or,  to 
■peak  more  properly,  all  the  airs  differing  in  their  proper- 
ties from  the  air  of  the  atmosphere,  have,  in  order  to  dia> 
tinguish^hem  from  it,  been  called  gases;  and  this  name  w« 
shall  afterwards  employ.i 

Oicygen  gas  nuy  be  obtained  likewise  by  the  following 
process: 

D   represoits  a  wooden 
trough,  the  inside  of  whidi 
is  lined  with  lead  or  tinned 
copper.     C  is  the  cavity  of 
the  trough,  which  ought  t 
be  a  foot  deep.     It  is  to  be  I 
filled  with  water  at  least  an 
inch   about   the   shelf  A6,   [ 
which  runs  along  the  inside  , 
of  it,  about  three  inches  from   i 
the  tc^.    In  the  body  of  the 

*  Foi  ■  more  eiart  dascripdon  of  tbii  sod  gimitsr  appatUai,  tlw 
MmdcT  if  rafcrTad  to  Xaroiiier't  ElemeiiU  of  Chenittr;,  sud  PrtwdBj  on 
Ain,  aod  aban  all  to  Mr.  V/ttt^t  dMcription  of  a  poBiunstk  sppMStBi, 
ia  Betldow'  CoondcfBtioiw  on  Fsctitiou}  Airs. 

t  ThB  mud  gut  was  fint  iatradncwd  into  chemiitr?  bj  Van  UdiDoat. 
H*  Monu  to  bnre  int«nd«d  to  denota  bj  it  aveij  tfaiii|  whicb  U  drivM 
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Book  t  trmigh,  which  may  be  called  the  dstem^  the  jan.  destined  to 
0mMonU. IjqU  gas  are  td  be  filled  with  water,  and  then  to  be  lifted 
and  placed  inverted  upon  the  shelf  at  B*  This  trough^ 
whidi  was  invented  by  Dr»  Priestleyy  has  been  called  by  the 
French  chemists  the  pneumaHcO'Chemicalj  or  simply  pnew» 
maiic  apparatus,  and  is  extremely  useful  in  all  experiments 
in  which  gases  are  concerned.  Into  the  glass  vessel  £  put 
a  quantity  of  the  black  oxide  of  manganese  in  powder,  and 
pour  over  it  as  much  of  that  liquid  which  in  ocmmierce  is 
called  oil  of  vitriol^  and  in  chconistry  sulphuric  aad^  as  is 
sufficient  to  form  the  whole  into  a  thin  paste.  Then  insert 
into  the  mouth  of  the  vessel  the  glass  tube  F,  so  closely  that 
no  air  can  eso^  except  through  the  tube.  This  may  be 
done  either  by  grinding,  or  by  covering  the  joining  with  a 
little  glazier's  putty,  and  then  laying  over  it  slips  of  bladder 
or  linen  dipped  in  glue  or  in  amixture  of  the  white  of  ^gs 
andquicklim&  The  whole  must  be  madefast  with  cord.*  The 
end  is  the  tube  F  is  then  to  be  plunged  into  the  pneumatic 
apparatus  D,  and  the  jar  G,  previously  filled  with  water, 
to  be  placed  over  it  on  the  shelf.  The  whole  apparatus  be- 
ing fixed  in  that  situation,  the  glass  vessel  E  is  to  be  heated 
by  means  of  a  lamp  or  a  candle.  A  quantity  of  oxygen  gas 
rushes  along  the  tube  F,  and  fills  the  jar  G.  As  soon  as  the 
jar  is  filled,  it  may  be  slid  to  another  part  of  the  shel^  and 

off  from  bodies  in  the  state  of  vaponr  by  heat.  He  divides  goHs  into  five 
classes.  **  Nescivit,  inquam,  schola  Galenica  hactenus  differentiam  inter 
gas  ventosum  (qaod  mere  aer  est,  id  est,  ventus  per  syderum  bias  com- 
motus)i  gas  ptngne ;  gas  siccum,  quod  sublimatum  dicitur ;  gas  fuligioo- 
•um,  sive  endimicum ;  et  gas  sylvestre,  sive  mcoercibile,  quod  in  corpus 
cogi  non  potest  Tisibile."  Van  Helmont  de  Flatibus,  ^  4.  Macquer  seems 
to  have  introduced  the  word  into  the  language  of  modem  chemistry. 

*  This  process,  by  which  the  joinings  of  vessels  are  made  air-tight,  is 
called  bitingy  and  the  substances  used  for  that  purpose  are  called  lutes. 
The  lute  most  commonly  used  by  chemists,  when  the  vessels  are  exposed 
to  heat,  is  fat  lute,  made  by  bc»ting  together  in  a  mortar  fine  clay  and 
boiled  linseed  oil.  Bees  wax,  melted  with  about  one-eighth  part  of  tur- 
pentine, answers  very  well,  when  the  vessels  are  not  exposed  to  heat. 
The  accuracy  of  chemical  experiments  depends  almost  entirely  in  many 
cases  upon  securing  the  joinings  properly  with  luting.  The  operation  is 
always  tedious ;  and  some  practice  is  necessary  before  one  can  succeed  in 
luting  accurately.  Some  very  good  directions  are  given  by  Lavoisier. 
See  his  Elements,  Part  iii.  chap.  7.  In  many  cases  luting  may  be  avoided 
altogether  by  usmg  glass-vessels  properly  fitted  to  each  other  by  grinding 
them  with  emery. 


Other  jars  sidiititiited  ia  ite  pbce^  till  as  mnsb  ms  hai  baen   cka|».  i. 
obtBined  as  is  wanted.   The  lasl  of  thesemeCho^  dcb^^mh  ^'   yj"""^' 
iag  oxygen  gas  was  diMX>vened  by  Schieelcv!'^  the  first  by.  ^ 

Dr.  Priestley.f 

The  gas  which  we  have  obtained  by  the  above  processes  DiscoTcred 
was  discovered  by  Dr.  Priestley  on  the  1st  of  August  1774,  aJ<^JSi^. 
and  called  by  him  dephlogisticated  air.  Mr.  Scheele  of 
Sweeden  discovered  it  before  17779  without  any  previous 
knowledge  of  what  Dr.  Priestley  had  done ;  he  gave  it  the 
nsLme  of  empyreal  air^X  Cbodorcet  gave  it  first  the  name  of 
vital  air;  and  Mr.  Lavoisier  afterwards  called  it  oxygen 
gas  ;  a  name  which  is  now  generally  received,  and  which  we 
shall  adopt. 

1.  Oxygen  gas  is  colourless,  and  invisible  lijce  common  Properties 
air.  Like  it,  loo^  it  is  elastic,  and  capable  of  indefioUe  e^Sn  ^^  ^^s^°* 
pension  and  compression.    It  has  no  perceptible  taste,  and 

when  pure  is  destitute  of  smell. . 

2.  Oxygen  gas  is  somewhat  heavier  than  common  air.  Sp.  grtvity. 
If  we  reckbn  the  specific  gravity  of  common  air  rooo, 

then  the  specific  gravity  of  oxygen  gas,  accordihg  to  differ- 
ent experimenters,  is  as  follows, 

I'lOS  Kirwan.§ 
1^1  H  Sausisure.|| 
1'1088  Allen  and  Pepys.f 

The  meim  of  these  experiments  gives  us  1*1088,  which  is 
certainly  very  near  the  truth.  I  am  ilisposed  to  consider 
thespecific  gravity  deduced  by  Dr.  Prout,  from  considerations 
which  I  cannot  explain  here,  as  in  all  probability  still  more 
correct,  namely,  1*1  111.**  On  that  supposition  100  cubic 
inches  of  this  gas  at  the  temperature  of  60^,  and  when  the 
barometer  stands  at  SO  inches,  will  weigh  88*888  grains. 
At  the  same  temperature,  and  imder  the  same  pressure,  100 
cubic  inches  of  common  air  will  weigh  80*5  grains,  ff 

*  On  Air  and  Fire,  p.  43.  Engl.  Trans.       f  Priestley  on  Air,  ii.  154. 

I  Scheele  on  Air  and  Fire,  p.  34.  £ng.  Trans. 

§  On  phlogiston,  p.  25.  Lavoisier,  Biot,  and  Arago,  give  the  saiaa 
specific  gravity. 

II  Ann.  de  Chim.  Ixxi.  S60. 

f  On  the  quantity  of  carbon  in  carbonic  add.   Phil.  Trans.  1807. 
♦•  Annals  of  Philosophy,  vi.  522. 

ft  This  determinalien  lesuhs  firon  the  expenmenti  of  Sir  George 
Stuckboxghi^vvUisk  oppearito.fasw  hacD  insde«r^ 
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Bo6k  I.        0*  If  a  lighted  taper  be  let  down  into  aplinl  filled  widi 

V^^^onn.  oxygen  gas,  it  burns  with  rach  qdendoor  that  the  egre  can 

^i^am^  icarodiy  bear  the  glare  of  lights  and  at  the  tame  time  pro- 

fluw»       duces  a  much  greater  heat  than  when  burning  m  common 

air.    It  is  wdl  known  that  a  candle  put  into  a  wdl-dosed 

jar  filled  with  common  air  is  extinguished  in  a  few  seconds. 

This  is  the  case  also  with  a  candle  inclosed  in  oxygen  gas) 

but  it  bums  mudi  longer  in  an  equal  quantity  of  that  gas 

than  of  common  air. 

Aadlife.        4.  It  was  proved  long  ago  by  Boyle,  that  animals  cannot 

Htc  %rithout  air,  and  by  Mayow  that  they  cannot  breathe 

the  same  dr  for  any  length  of  time  without  soflbcatJon. 

Dr.  Priestly  and  several  odier  philosophers  have  shown  u% 

that  animals  live  much  longer  in  Ae  same  quantity  of 

oxygen  gas  than  of  ccmmion  air.    Count  Moroazo  placsd 

a  numb^  of  qparrows,  one  afier  another,  in  a  glass  beU 

filled  with  common  air,  and  inverted  over  water. 

^  ^e  first  fspajn^w  lived 3      0 

The  second •  0      3 

Thethiid 0      1 

He  filled  the  same  glass  with  oxygen  gas,  and  repeated 
the  experiment 

H.    M. 

The  first  sparrow  lived 5  38 

The  second ..8  10 

Thethird   1  SO 

Thefourth 1  10 

Thefifth , 0  30 

The  fiixth    , . , . .  0  47 

The  seventh   0  27 

Theeighth Q  30 

Theninth O  22 

The  tenth 0  SI 

He  then  put  in  two  together ;  the  one  died  in  20  minutes, 

but  the  other  lived  an  hour  longer, 
fexitty  in         5.  It  has  been  ascertained  by  experiments,  which  shall  be 
^J^^^  afterwards  related,  that  the  atmospherical  air  contuns  21 

parts  in  the  hundred  (in  bulk)  of  oxygen  gas;  and  that  no 

substance  will  bvm  in  fon^npn  air  preyionsly  d^riyed  of 


OXYGEN.  Its 

all  the  ozygea  gas  which  it  contains.  But  combustibles  chap.  i. 
born  with  great  splendour  in  oxygen  gas,  or  in  other  gases  ^^— v"^ 
-to  which  oxygen  has  been  added. 

6.  It  has  been  proved  also,  by  many  experiments,  that 
no  breathing  animal  can  live  for  a  moment  in  any  air  or 
gas  which  does  not  ccmtain  oxygen  mixed  with  it.  Oxygen 
gas,  then,  is  absolutdly  necessary  for  respiration, 

7.  When  substances  are  burnt  in  oxygen  gas,  or  in  any 
other  gas  containing  oxygen,  if  the  air  be  examined  after 
the  combustion,  we  shall  find  that  a  great  part  of  the 
oxygen  has  disappeared.  If  charcoal,  for  instance,  be 
burnt  ino:iqrgen  gas,  there  will  be  found,  instead  of  part  of 
the  oxygBBf  anoAer  very  difierent  gas,  known  by  the  name 
of.  carbonic  acid  gas.  The  oxygen  in  this  case  combines 
with  the  combustible  body.  The  new  compound  formed  is 
called  an  oxide^  or  sometimes  an  add.  Exactly  the  same 
thing  takes  place  when  air  is  respired  by  animals ;  part  of 
the  oxygen  gas  disappears,  and  its  place  is  occupied  by 
substances  possessed  of  very  different  properties. 

8.  Oxygen  gas  is  not  sensibly  absorbed  by  water,  thouf^  Combine- 
jarfuls  of  it  be  left  in  contact  with  that  liquid*  It  has  been  " 
ascertained,  however,  that  water  does  in  reality  absorb  a 
small  portion  of  it,  though  not  enough  to  occasion  any 
perceptible  diminution  in  the  bulk  of  the  gas.  When 
water  is  freed  from  all  air  by  boiling  and  the  action  of  the 
air  pump.  Dr.  Henry  ascertained,  that  100  cubic  inches  of 
it  will  imbine  3*55  inches  of  oxygen  gas.*  Saussure  found 
that  water,  in  the  same  circumstances,  absorbs  6*5  cubic 
inches  of  ^is  gas.t  But  Mr.  Dalton  has  rendered  it  pro- 
bable that  Saussure's  estimate  is  considerably  above  the 
truth.:|: 

•  Phil.  Trans.  1803,  p.  174.  f  Annals  of  Pbilosopbjr,  ri.  340. 

I  Annals  of  Philosc^hy,  vii.  1^18. 


tion  Willi 
water. 
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Divitioa  II. 


Of  CHLOBINS. 


rofination.  Chlorinb  may  be  dbuined  by  the  following  method. 
Put  into  a  sraaU  glass  retoH  a 
quantity  of  the  black  oxide  of  pian- 
ganese  in  powder,  and  pour  over 
It  as  much  of  the  c6mmba  tbu- 
riatic  add  of  thie  shops  a^  'iriU 
make  the  whole  intk>  a  very  diin 
paste.  ThM  plUnge  the  beak  of  tibe  retort  ilMo  the  wat«r 
trough,  and  place  oror  ft  a  stotit  glass  phid  fte^oUe  of 
holdhig  about  a  quart,  pre^4ods!y  ilUei  with  water.  Apt>]y 
the  heat  of  a  lamp  to  tiie  bottom  of  the  retort  A  gas  b 
extricated  which  enters  into  the  month  of  the  xn%'erted 
phial,  displaces  the  water  and  BHs  it.  Ak  toon  as  the 
jAial  is  fell  it  is  to  be  withdrawn  and  its  ttibufli  carefully 
stopped  with  a  glass  stcfyper,  a^cmtttely  ground  sO  it^  to  Ih^ 
iAmI  which  must  be  prc^ously  pnMded.  Other  t>h{ah 
may  be  then  wbstitated  and  filled  in  succestion  tiH  the 
requisite  quantity  of  gas  is  obtained.    Tliis  gas  is  cfdorine. 

Histonr.  This  substance  was  discovered  by  Mr.  Scfaeele  and  an  ac- 
count of  it  published  by  him  ih  the  Memoirs  of  the  Swedidi 
Academy  of  Sciences,  for  1 774,  in  his  celebrated  paper  on 
manganese,  which  had  occupied  him  for  three  years.* 
He  gave  it  the  name  of  depklogiifticated  muriatic  aiM^  con- 
ddering  it  as  muriatic  acid  deprived  of  phlogiston.  Ber- 
thoflet  made  a  set  of  experhnentis  on  it,  about  the  year 
1785,  which  were  publbhed  in  the  Memoirs  Of  the  trench 
Academy  of  Sciences.  He  considered  himself  to  have 
proved  that  it  is  a  compound  of  muriatic  acid  and  OKjgen ; 
an  opinion  which  was  soon  after  adopted  by  the  dienical 
world  in  general.  On  that  account  it  received  the  name 
oi  oxygenized  muriatic  add,  wUch  was  afterwards  contracted 
by  Mr.  Kirwan  to  oxymuriatic  add.  The  experiments  of 
Sdieele  and  Berthollet  were  repeated  and  varied  by  all  the 
eminent  chemists  of  the  time.  But  the  first  great  addition  to 
the  discoveries  of  these  philosophers  was  made  by  Gay- 
J^ussacand  Thenard,  and  published  by  them,  in  1811,  m, 

^  MemoirM  de  Cbjime  de  M.  C^  W,  Scheele,  L  et. 


the  second  Tolume  of  their  Becherches  PhystOMJiemiqutj  p.  Chip.  l.^ 
94.  They  showed  that  the  ofniiion  that  oxymuriatic  add 
contains  no  oxygen  might  be  supported.  But  at  the  same 
tune  assigned  their  reasons  for  considering  the  old  opinicm 
as  well  founded.  An  abstract  of  these  important  experi^ 
ments  had  be«i  published  however  in  1809.*  These  oqpe* 
riments  drew  the  attention  of  Sir  Humphry  Davy  to  tha 
subject,  and  he  soon  after  communicated  a  p^ier  to  Aft 
Royal  Sodety  t»  show  that  no  oxygen  gas  could  be  sepa- 
rated from  oxymui^iatic  acid,  nor  any  proof  produced  diat 
it  contained  oxygen.  Tliis  paper  >wks  published  in  the 
Philosophical  Timnsactiont  for  ISlO.f  This  was  speedily 
followed  by  another  paper  upon  the  aaiiie  subject j:  Hi 
drew  as  a  conelusion  that  oxymuriatic  add  is  ttrt  imdeoolB« 
pounded  substance ;  on  that  account  he  applied  to  it  the 
new  name  chlorine^  6rom  the  yellow  colour  which  it  possesses. 
At  present,  this  name  is  almost  generally  adopted  by  che-< 
mists.  Few  chemhts  were  dispc^ed  at  first  to  accede  to 
the  opinion  of  Davy.  But  subsequent  discoverfes  kava 
greatly  augmented  the  weight  of  his  reasoning,  and,  at  pi«« 
sent,  his  view  of  the  subject  is  almost  umversslly  adopted^ 
Chlorine  possesses  the  following  pioperties. 

1.  It  is  a  gaseous  body  and  possesses  the  mechaniod  pro^  Properties 
perties  of  coiiwion  air.    Its  colour  is  greenish  yellow.    Its 
odour  is  exceedingly  strong  and  sufibcating,  exactly  sanikr 

to  that  of  aqua  regia^  or  the  well  known  nixtsreof  nitric 
and  muriatic  add.  When  a  person  is  obliged  to  inspire 
the  fumes  of  dilorine,  it  produces  a  most  insuiferable  sensa^ 
tion  of  suffocation,  occasions  a  violalt  cough  with  meek 
expectoration,  wUdi  continues  for  some  time,  and  brings  on 
a  veiy  great  degtee  of  debility,    its  taste  is  astringent. 

2.  The  spedfic  gravity  of  dilorine  gas,  according  to  the  Sp.  gra^itf. 
experiments  of  Gay-Lussac  and  Thenard,  is  2*4700  ;$  ac- 
cording to  Davy  it  is  2*395.     Dr.  Prout,  guided  by  theo- 
retic reasons,  which  cannot  be  stated  here,  considers  2*500 

as  probably  the  true  spedfic  gravity,  and  with  this  opinion 
I  am  diq>osed  to  agree.  In  all  these  cases  the  spedfic  gra- 
vity of  air  is  reckoned  1  *000.     Supposing  the  true  specific 


•  Memoiresd'Arcucil,ii.  295.  t  P.  2S1. 

I  Phil.  Traat.  1811,  p.  1.       §  Recberdies  phjrsiccH^oiiqae,  ii.  135, 
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Book  I.    gravity  to  be  8*5,  then  100  cubic  indict  <^  it  will  weigh 
?y^^^'  76-95  grains  at  the  temperature  of  60^  and  when  the  baro- 

meter  stands  at  80  inches. 
Dotrafi        S.  When  any  vegetable^  blue  colour,  is  exposed  Id  the 
^^^^^"^     action  of  chlorine,  it  is  immediatdy  destroyed  and  cannot 
afterwards  be  restored  by  any  method  whaterer.    Indeed 
chlorine  possesses  the  property  of  destroying  all  vqjeCaUe 
colours,  md  of  rendering  cdoiured  bodies  white.    TUs  pro- 
perly was  first  obsenred  by  Schede.    The  knowkclgs  of  it 
induced  BerthoUet  to  propose  the  introduction  of  ^<mne 
into  the  practice  of  Ueaching.    This  suggestion  has  been 
snccessfiilly  adopted  in  Great  Britain  and  Ireland    At  pre- 
sent all  the  great  bleaching  worics^  in  this  country,  employ 
dilorine  as  the  grand  whitening  agent.    For  the  first  intro* 
dnction  of  it  we  are  inddited  to  Mr.  Watt.* 
Sopmti        4.  If  a  lighted  taper  be  plunged  into  a  phial  filled  widi 
^"^     dilmrine  gas,  it  continues  to  bum  with  a  low  red  ttame, 
emitting  much  smoke  but  giiing  out  but  little  lig^t    If  a 
piece  <tf  phos[dianis  be  put  into  this  gas  it  takes  fire  of  its 
own  accord,  burning  with  a  pale  ydlowish  green  light. 
Antimony,  likewise^  arsenic,  sinc^  iron,  and  several  other 
metals,  take  fire  of  thdr  own  accord  wbea  plunged  into 
chlorine,  and  bum  with  considerable  qplendour.    During 
all  these  cases  of  ocnnbustion  the  quantity  of  chlorine  dimi- 
nishes, and  if  the  portion  of  combustibk  be  suflBldent  the 
gas  disappears  altogether.    The  combustible  is  totaUy  altered 
in  its  appearance  and  converted  into  a  new  substance^  which 
has  received  the  name  of  chloride.    This  chloride  is  a  com- 
pound of  the  combustible  substance  and  the  chlorine. 
Destroys        5.  If  an  animal  be  plunged  in  an  atmosphere  of  chlorinei 
^'  so  as  to  be  obliged  to  brea^e  it  in  a  pure  sUite^  it  dies  almost 

instantly.    This  gas  then  is  incqmble  of  supporting  animal 
•    life.    In  this  respect  it  difiers  entirely  from  oxygai  gas. 
Absorbed        6.  Water  absorbs  this  gas  with  considerable  rapidity, 
bj water,    provided  the  gas  be  pure;  but  much  more  slowly  when  it 
is  mixed  with  air  or  any  other  foreign  gas.    According  to 
the  experiments  of  Dalton,  one  volume  of  water  at  the  or* 
dinary  temperature,  and  under  the  common  pressure^  ab* 
sorbs  two  volumes  of  chlorine  gas-f     The  water  acquires 

^  See  Annals  of  Philosophy,  Yiii.  1. 

t  Palten's  New  System  of  Chemistry,  ii.  S9a, 
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the  greenish  yellow  colour,  the  disagreeable  smell,  the  astrin-  Chap.  I. 
gent  taste,  and  the  whitening  qualities  of  the  gas  itsel£  ^^\r^ 

7.  When  chlorine  in  combination  with  any  other  body 
is  exposed  to  the  action  of  the  galvanic  battery,  the  com* 
pound  is  decomposed  and  the  dilorine  is  deposited  at  the 
positive  pole,  while  the  other  substance  is  deposited  at  the 
negative  pole.  The  only  probable  exception  to  this  rule  is 
when  chlorine  and  oxygen  are  in  combination ;  in  sndi  € 
case  it  is  reasonable  to  believe  that  the  oxygen  would  be 
given  off  at  the  positive  pole^  and  the  chlorine  at  the  n^gac 
live  pole^  but  I  am  not  certain  whether  the  experiment  has 
been  tried.  At  high  temperatures  chlorine  displaces  oxygen 
from  its  combination  widi  many  of  the  metals  and  unites 
with  them  itsel£ 

8.  Chlorine  gas  may  be  exposed  to  a  veiy  high  tempera- 
ture by  passing  it  through  a  white  hot  porcelain  tube,  with- 
out experiencing  any  change. 

9.  Chlorine  has  the  property  of  combining  with  oxygen,  CombiMi 
and  of  forming^  four  distinct  substances,  which  have  been  T^^  ^ 
particularly  examined.    We  cannot  form  the  combination  oz7geo,aai 
directly.    All  these  compounds  are  obtained  by  means  of  a  ^"^ 
salt  first  prepared  and  described  by  Berthollet*    It  was 

long  distinguished  by  the  name  of  kyperoxymyriaie  of 
potashj  a  name  which  has  been  recently  changed  into 
chkrate  of  potash.  It  is  obtained  by  dissolving  a  quantity  of 
the  common  potash  of  the  shqps  in  water,  and  causing  a 
current  of  chlorine  gas  to  pass  throng  the  solution  as  long 
as  it  continues  to  be  absorbed.  After  some  time  flat  rhom* 
boidal  crystals  possessing  considerable  lustre  are  deposited ; 
these  crystals  constitute  the  salt  in  question.  Let  us  explain 
the  way  in  which  the  different  compounds  of  oxygen  and 
chlorine  may  be  obtained  from  it 

1.  When  this  salt  is  put  into  a  small  glass  flask  and  i.  Prom^ 
inuriatic  acid  poured  over  it,  an  efiervescence  takes  place  ^  ^^  ^ 
and  a  greenish  yellow  gas  is  extricated  in  abundance.  If 
the  muriatic  acid  be  diluted  with  water,  and  the  quantity  of 
salt  with  which  it  is  mixed  be  considerable  in  proportion  to 
that  of  the  acid,  and  if  a  very  gentle  heat  only  be  employed, 
a  gas  is  extricated  very  slowly,  which  may  be  received  in 
small  glass  jars  standing  over  mercury  After  the  gas  has 
been  prepared  in  this  manner,  it  is  better  to  allow  it  to 

remain  for  24  hofurs  in  contact  with  the  mercuiy.    For,  as 
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BoekL  originalljr  prepared,  it  alwajra  ooataiiis  agooddeilof  ehlo- 
nvittcm  II.  f^^  g^  mixed  with  it,  which  disguiaet  and  gmtly  in- 
jures its  properties.  Mercury  has  the  property  of  absorb* 
ingand  nniting  with  dilorine,  while  it  does  not  act  upon 
the  new  gas*  It  therefore  gradually  retaoves  die  chlorine 
and  kiires  the  new  gas  in  a  state  of  purity. 

The-new  gas  prepared  in  the  way  just  described  was 
discovered,  in  1811,  by  Sir  Humphry^Davy,  who  gave  it 
the-name  d(euddome.*  But  it  will  be  better  to  distinguish 
it  by  the  appellation  of  pMoxide  of  chlorine^  indicating  by 
thatnaaie,  that  it  is  a  compound  of  chlorine  widi  the  smallert 
Ijuantity  of  oxygen  with  which  it  is  capable  of  cembiningi 
It  possesses  the  following  properties. 
Pkopcrtki.  Its  colour  is  much  more  intense,  and  more  ydlow  diaa 
diat  of  cUorine.  When  oootained  in  a  small  glass  tube  it 
still  appears  of  a  very  livdly  yellow,  whereas  chlorine,  in  the 
same  circumstances,  would  scansely  be  TisiUeu 

Its  smell  resemUes  that  of  burnt  sugar,  saixed,  however, 
with  the  odour  of  chlorine.  In  all  probafaili^  this  last 
odour  is  owing  to  the  presence  of  a  snail  pardon  of  this 
gas«  For  it  is  extremdy  difficuk  to  froe  it  eompletdy  fimn 
chlovme. 

When  a  moderate  heat  is  applied  to  a  vessd  filled  with 
lirotoxide  of  chlorine  an  explosion  takes  plao%  and  the  gas 
is  decomposed  into  a  mixture  of  chlorine  and  oxygen  gas. 
A  Teory  gentle  heat  is  sufficient  to  produce  this  decomposi- 
tion, sometimes  even  the  heat  of  the  hand  will  do  it.  The 
explosion  is  but  feeble.  According  to  the  experiments  of 
]>avy,  five  Tolumes  of  protoxide  of  chlorine  become  six 
when  decomposed,  and  the  decomposed  gas  is  a  mixture 
of  two  volumes  of  chlorine  and  one  volume  of  oxygen.f 
Gompoii-    Hence  it  is  composed  by  weight  of 

Chlorine  5-000 81-82 100       . . .  .4-50 

Oxygen   1-111 18-18 22-22..  ..1*00 

100^00 

Now  if  we  make  1-00  represent  the  weight  of  the  smallest 
particle  of  oxygen  which  can  unite  with  a  body,  we  shall 
nnd  afterwards  that  the  smallest  quantity  of  chlorine  that 
can  combine  with  a  body  will  be  represented  by  4*5.  Hence 

^  Phi}.  Tinas,  lail,  p.  155.  f  Had-  P*  ^7. 
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we  may  conclude  that  protoxide  of  chlorine  is  a  compound   Chip.  L 
of  one  atom  of  chlorine  and  one  atom  of  oxygen«  ^^— v-^ 

From  the  preceding  data  it  follows  that  the  specific  gniF* 
vity  of  protoxide  of  chlorine  is  2*4079  supposing  the  spc^ifio 
gravity  of  air  to  be  1. 

This  gas  destroys  vegetable  colours^  as  well  as  chlorine ; 
but  it  first  gives  blue  colours  a  tint  of  red. 

Several  substances,  as  phosphorus,  take  fire  when  they 
come  in  contact  with  protoxide  of  chlorine,  and  occasion  an 
explosion. 

Water  absorbs  eight  times  its  volume  of  this  gas  and  ac- 
quires an  orange  colour,  and  the  peculiar  smell  of  the  gas. 

2.  The  deutoxide  of  chlorine  was  discovered  about  the  9.  Deutox* 
same  time  by  Sir  Humphry  Davy  and  Count  Von  Stadion,  We  of  cWo- 
of  Vienna ;  but  Davy's  account  of  it  was  published  soonef 
than  that  of  Count  Von  Stadion.*  The  method  of  obtain* 
ing  it  is  as  follows :  mix  together  a  small  quantity  (not  more 
than  50  grains)  of  chlorate  of  potash  in  powder  with  sul- 
phuric acid,  till  the  whole  forms  a  dry  paste,  which  will 
have  an  orange  colour.  Put  this  paste  into  a  small  glass 
retort,  and  plunge  the  belly  of  the  retort  into  hot  water, 
and  keep  it  in  that  position  for  some  time,  taking  care  that 
the  temperature  of  the  water  never  becomes  so  high  as  212^. 
A  bright  yellowish  green  gas  separates  fi*om  the  pastes 
which  must  be  received  in  small  glass  jars  standing  over 
mercury.  This  gas  constitutes  the  deutoxide  of  chlorine. 
It  posseses  the  following  properties. 

Its  colour  is  a  still  brighter  yellowish  green  than  that  of  Properties, 
protoxide  of  chlorine.  Its  smell  is  peculiar  and  aromatic, 
without  any  mixture  of  the  smell  of  chlorine.  Water  ab- 
sorbs, at  least,  seven  times  its  volume  of  this  gas.  The 
solution  is  deep  yellow,  and  has  an  astringent  and  corrosive 
taste,  leaving  a  disagreeable  and  lasting  impression  on  the 
tongue.  It  destroys  moist  vegetable  blues  without  pre-* 
viously  reddening  them.  It  does  not  act  upon  mercury,  nor 
upon  any  of  the  combustible  substances,  tried  by  Davy, 
except  phosphorus ;  which,  when  introduced  into  the  gas 
occasions  an  explosion,  and  bums  with  great  brilliancy. 

*  Dary's  locount  is  published  in  the  Philosophical  Transactions  for 
1815,  p.  314,  Count  Von  Stadion's  in  Gilbert^s  Aiuialen  der  Fhysick^Ui* 
179;  publbhed  in  February  1816. 
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Bo^l;,  When  heated  to  the  tempentore  of  Sli^  it  eaqilodet 
with  more  violence  than  protoxide  of  chlorine^  giving  out 
much  light.  Two  volumes  of  dentozide  of  chlorine  when 
thus  exploded  are  converted  into  three  volumei»  conniting 
of  a  mixture  of  two  volumes  of  oxygen  and  one  volume  of 
chlorine.*    Hence  it  is  oonqmed  hj  wei^t  of 

CUorine  . .  2*5 52*94 ....  100 ... .  4*50 

Oxygen  • . .  2*222 ....  47*06 . .  •  •     88*88  •  4H)0 

100*00 

Now  as  the  weight  of  an  atom  of  chlorine  was  represented 
by  4*5,  and  that  of  an  atom  of  oaiygen  by  one^  we  see  from 
&e  last  column  of  the  preceding  table  that  the  deutoxide  of 
dilorine  is  composed  of  one  atom  of  chlorine  combined 
with  four  atoms  of  oxygen.f 

From  the  preceding  data  it  is  obvious  that  the  specific 
gravity  of  deitfoxide  of  chlorine  must  be  2*S61f  supposing 
that  cf  common  air  to  be  1*00. 

^.Chlorie  $.  The  third  compound  of  chlorine  and  os^gen  it  called 
Marie  add.  It  was  first  obtained  in  a  separate  state  by  M. 
Gay  Lussac  It  is  the  acid  which  exists  in  chlorate  of  pot- 
ash. His  method  of  obtaining  it  in  a  separate  state  was  as 
follows :  he  prepared  chlorate  of  barytes  by  the  method 
pointed  out  by  Mr.  Chenevix,  which  will  be  described  in  a 
subsequent  part  of  this  work.  This  salt  was  dissolved  in 
water,  and  dilute  sulphuric  acid  cautiously  added  to  it  as 
long  as  any  precipitate  continued  to  ialL  By  this  method 
all  the  barytes  was  removed  from  the  liquid  without  adding 
any  excess  of  sulphuric  acid,  so  that  on  filtring  nothing 
remained  but  chloric  add  held  in  solution  by  the  water. 
This  acid  posseses  the  following  properties.^ 

floptrtlrt.      It  has  no  sensible  smelL    Its  solution  in  water  is  colonr- 

*  Davjy  Pfail.Tnuu.  1815,  p.  $16,  and  Gay  Lntsac^  Abb.  de  Chim. 
eC  Phyt.  i.  S20. 

t  According  to  Count  Von  Stadion  itt  constituents  are  tuo  volumes 
vhloiine  and  three  volumes  oxygen.  This  would  make  it  a  ccwpound  of 
one  atom  chlorine  and  three  atoms  oxygen.  But  the  pioptrties  of  the 
tabstance  described  by  the  Count  di£flbr  so  much  from  those  of  the  gas 
•laouned  by  Davy  that  it  is  probable  they  are  ctistinct  substances.  The 
reader  will  find  an  account  of  the  properties  of  the  dentoxide  of  chlorine 
of  Count  Von  Stadion  in  the  Annals  of  PhiloBOf^y,  toL  ix.  p.  SS. 

}  Gay  LnnaCt  Aaaals  of  Philosophy,  yu  1S9, 
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less,  and  it  reddens  vegetable  blues  without  destroying  chap.i. 

them.    Light  does  not  decompose  it    It  may  be  conoen*  ^"^r^ 

trated  by  a  gentle  heat  without  undergoing  decomposition^ 

and  without  being  volatilized  along  with  the  water.    When 

concentrated  it  has  somewhat  of  an  oily  consistency.   When 

heated  it  is  partly  decomposed  into  chlorine  and  oxygen^ 

and  partly  volatilized  without  alteration.    Muriatic  add 

decomposes  it  in  the  same  manner  without  the  necessity  of 

applying  heat     It  combines  with  the  different  bases  and 

forms  the  genus  of  salts  called  chlorates^  to  be  described  in  a 

subsequent  part  of  this  work. 

When  100  parts  of  dry  chlorate  of  potash  are  exposed  to 

a  red  heat  in  a  retort  a  quantity  of  oxygen  gas  is  driven  ofi^ 

which  weighs  88*88  parts.     The  residue,  weighing  61*12 

parts,  is  a  compound  of  32*196  of  potassium  and  28*924  of 

chlorine.*     But  32*196  of  potassium  require,  in  order  to 

be  converted  into  potash  (in  which  state  they  existed  in  the 

salt),  6*576  of  the  oxygen.    Tliere  remain  32*304  of  oxygen, 

which  must  have  been  combined  with  28*924  of  chlorine^ 

and  this  compound  must   have  constituted  chloric  acid* 

Accor^ng  to  this  statement  chloric  acid  is  composed  of        Composi- 
tion. 
Chlorine 28*924 47*24 4*50 

Oxygen 32*304 52*76 5*02 

100*00 

We  see  from  the  last  column  that  it  is  a  compound  of  one 
atom  of  chlorine  and  five  atoms  of  oxygen.  For  the 
weight  of  an  atom  of  chlorine  is  4*5,  and  that  of  an  atom  of 
oxygen  one.f 

4.  The  fourth  compound  of  chlorine  and  oxygen  is  like«  4.  Perchl#- 
wise  an  acid.    'We  may  distinguish  it  by  the  name  of"^*^* 
perchloric  acid.    It  was  lately  discovered  by  Count  Von 
Stadion,  and  may  be  obtained  in  the  following  manner. 

When  the  deutoxide  of  chlorine  is  extricated  from  a 


*  That  this  is  the  case  will  he  shown  in  a  subsequent  part  of  this  work. 
The  evidence  would  not  be  understood  here,  if  it  were  given. 

t  Sir  H.  Davy  considers  chloric  acid  as  a  compound  of  one  atom 
cbkmiie  and  six  atoms  oxygen.  The  reason  is  that  he  believes  the  pot- 
ash to  eust  in  the  salt  in  the  state  of  potassium^  and  therefore  adds  the 
other  atom  of  oxygen,  which  we  have  supposed  in  the  text  to  be  united 
to  the  potassium,  to  the  cblorioa. 


1B4  smppoBTERs  ov  coMBUsnoir. 

B0dk  I.   at  nuri%  began  likewise  to  make  egperiittiH  ^p«  itf  and 

^|][^^' his  retaUi  were  made  known  to  the  Royal  Sodety  befbre 
"^  any  of  Oay  Lunac'i  pifim  were  pabUahed»  tliOQ|^  the 
French  chemist  affirms  that  he  preceded  the  British  pht« 
losopher  in  demonstrating  the  pecnliar  nature  of  this  sub- 
stance. To  these  two  gendemenf  especially  to  M»  Gay 
Lussacy  we  are  indebted  for  our  knowledge  df  most  of  iho 
fiicts  which  have  been  ascertained  respecting  this  angular 
subtance* 

Pivpui*         1.  Iodine  may  be  obtained  by  the  following  proeess. 

^^*  Reduce  a  quantity  of  kdp  to  powder^and  ffigestit  in  water 
tin  eveiy  tUng  soluble  is  taken  iq>.  Tlicn  filter  die  solution 
and  evaporate  it  till  all  the  crystals  of  conmuiD  salt  that  can 
be  obtained  have  separated  fiom  it  Mix  the  mother  liquor 
with  sulphuric  add,  and  boil  for  some  time.*  Pat  the 
liquid  into  a  small  retort  or  flasft^  and  mix  it  with  as  much 
black  oxide  of  manganese  as  you  have  added  of  sulphuric 
add.  Apply  heat.  A  violet  coloared  vapour  faamediately 
arises,  which  is  to  be  driven  into  a  proper  receiver^  against 
the  sides  of  which  it  condenses  into  a  black  brilliant  matter. 
Tikis  substance  is  the  iodine.  The  process  just  described 
was  first  proposed  by  Dr.  WoOaston*  Waste  soi^ier^s  lie 
(provided  kdp  has  been  used  for  soap  making)  may  be 
employed  instead  of  the  solution  of  kdp.  French  kdp,  it 
would  seem,  is  much  richer  in  iodine  than  the  kelp  of 
Great  Britain. 

Properties.  2.  Iodine  thus  obtained  is  a  solid  substance  of  a  greyish 
1>lack  colour  and  the  metdlic  lustre,  having  very  mudi  the 
appearance  of  native  sulphuret  of  antimony.  It  is  usually, 
in  scales  of  a  greater  or  smaller  size ;  but  it  may  be  ob- 
tained in  crystals.  And  Dr.  Wollaston  has  ascertained 
that  its  primitive  form  is  an  octahedron,  somewhat  similar  to 
the  primitive  form  of  sulphur.  The  axes  of  this  octa^ 
hedron  are  to  each  other,  as  nearly  as  can  be  determined, 
as  the  numbers  2,  S,  and  4f.f    Its  specific  gravity  at  62^^  Ml 

The  smell  of  iodine  is  disagreeable  and  very  similar  to 

■ 
*  By  this  means  a  ^reat  quantity  of  mariatic  add  and  of  sdphumad 

hydrogen,  which  impede  the  collection  of  tfaa  todias^  are  pievioasly  (•• 
UKnred. 

t  AniiaU  of  Philosophy,  v.  837. 

t  Oay  Lussac^  Aaii.dsChifli.sci.f. 
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tluit  o^  cUoriney  thougb  not  netfly  io  strong*    Its  taste  is  Chip.  L 
ftcrid  «nd  hot,  and  oontiniies  for  a  long  time  in  tjb^e  mouth,  ^"  v    ' 
Orfila  has  shown  that  when  taken  interUfJly  it  possessei 
poisonops  ipiaUties.* 

S.  Like  chlorixie  it  possgsses  the  prc^rty  q{  destroying 
vegetable  colours ;  though  it  acts  with  much  less  intensi^« 
It  stains  the  band  of  a  deep  yellow  colour ;  but  tbe  stain  in 
a  short  time  disiq[qpears.  P^^per  receives  a  permanent 
reddish  brown  stain^  and  is  at  last  cor^roded  by  it 

4.  It  m^  when  heated  to  the  temperature  of  224j>%  and 
is  volatilised  under  the  common  pressure  of  the  atmos- 
phere when  raised  to  the  temperature  of  SS^^.f  B^t  if  it 
be  mixed  with  water  and  the  liquid  boiled^  it  may  be  distiit* 
led  over  with  the  water.  When  converted  into  vi^xnur  it 
has  a  veiy  intense  and  very  beautiful  violet  colour.  It  wfui 
fitmi  this  colour  that  Gay  Lussac  imposed  on  it  the  name 
of  iode^X  which  Sir  Humphry  Dayy  changed  iuto  iodhw, 
as  better  suited  to  our  language.  |ts  specific  gravity  when 
in  the  state  of  vapour  is  8*678.$ 

5.  Whep  iodine  is  thrown  into  water  the  liquid  acquires 
an  orange  yellow  cqUhu:  and  the  peculiar  smdl  ol  iodine* 
But  it  continue^  tasteless,  and  holds  in  solution  oi4y  about 
-fT^ih  part  of  its  weight  of  iodine.  ||  It  is  more  soluble  in 
alcohol,  and  still  more  in  sulphuric  ether.|| 

6.  If  a  quantity  of  iodine  be  put  ixitp  a  thin  f^Msa  tube  lodkles. 
shut  at  one  end  and  a  bit  of  phoqahorus  be  thrown  on  it, 

the  two  substances  combine  with  great  rapidity,  and  the 
evolution  of  a  great  deal  of  heat;  but  no  light  is  visible. 
Sulphur  and  most  pf  die  metals  likewise  uiute  rejE^ily  with 
iodine  when  the  action  of  tjbe  two  substances  upon  each 
other  is  assisted  by  heat.  The  new  substances  filmed  by 
this  combination  have  received  the  name  ci  iodides.  Thus 
the  beautifiil  red  powder  formed  by  die  union  of  iodine  and 
mercury  is  called  iodide  tf mercury. 

7.  When  any  of  these  compounds  is  decomposed  by  the 


*  Toiicolo^e  generale,  torn.  i.  partis  ii.  p.  S90. 
t  OmjLosMc,  Ann.  de  Chim.  xd.  7.    Hs  fixes  the  tampcrature  bs- 
tw«Mia4r>andase<>. 

X  FMinuAKy  violet  colottrad. 

$  Gay  Lnstac,  Ann.  de  Cbim.  xci.  17. 

U  Ibid.  xd.  7. 
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Book.  I.  acticm  of  the  galvanic  batteiy  the  ioduie  attadbai  itself  ta 
y^^H'  ihepodtiue  wire>  and  the  substance  with  which  it  wis  united 
^"^^""""^  to  the  negative  wire  of  the  battery. 

Ibdicadd.  8.  Iodine  has  the  property  of  combining  witb  oxygen. 
This  combination  was  first  discovered  in  a  separate  state  by 
Sir  H.  Davy,  and  constitutes  one  of  the  many  striking 
analogies  that  exist  between  chlorine  and  iodine.  It  may 
be  obtained  by  the  following  process.  Put  40  grains  of 
iodine  into  a  thin  long-necked  receiver.  Into  a  bent  glass 
tube  shut  at  one  end  put  100  grains  of  chlorate  of  potash^ 
and  pour  over  it  400  gndns  of  muriatic  acid»  of  tfie  spe- 
cific gravity  1*105.  Then  make  the  bent  tube  commu- 
nicate with  the  receiver,  and  apply  a  gentle  heat  to  it. 
Protoxide  of  chlorine*  is  generated.  As  soon  as  it  comes 
in  contact  with  the  iodine  a  combustion  takes  [dace^  and 
two  new  subtances  are  formed :  L.A  compound  of  iodine 
and  chlorine;  2.  A  compound  of  iodine  and  oxygen. 
When  heat  is  applied  to  this  mixture  the  compound  of 
chlorine  and  iodine^  which  is  volatile^  flies  off  and  leaves  the 
compound  of  iodine  and  oxygen  in  a  state  of  purity.f 
This  substance  possesses  add  properties,  and  Gay  Lussac 
has  proposed  fi>r'  it  the  name  of  io£c  aadj  which  we  shall 
adopt. 

Iodic  acid,  when  pure,  is  a  white  semi-transparent  sc^d. 
It  is  destitute  of  smell,  but  has  a  strong  astrii^nt  sour 
taste.  Its  specific  gravity  is  considerate^  for  it  sinks 
rapidly  in  sulphuric  acid.  When  heated  a  Utde  below  the 
temperature  at  which  olive  oil  boils,  it  melts  and  is  decom- 
posed, being  converted  into  iodine  •  and  oxygen  gas. 
According  to  the  mean  of  three  experiments  made  by  Sir 
Humphry  Davy^  a  grain  of  iodic  acid  when  decomposed 
gives  out  176*1  grain  measures  of  oxygen  gas4  Now  at  the 
temperature  of  60%  176*1  grains  of  water  are  equal  in  bulk 
to  0*6968  cubic  inch.  But  0*6968  of  a  cubic  inch  of  oxygen 
gas  weighs  0*236  grain.  Therefore,  according  to  this 
result,  iodic  acid  is  composed  of 

*  This  gas  ought  to  Im  made  to  puss  Uirough  dry  chloride  of  calciam 
{muriate  cf  lime)  before  it  comes  in  contact  with  the  iodine,  in  order  to 
deprive  it  of  the  water  with  which  it  is  mixed  when  first  generated* 

t  Davy,  Phil.  Trans.  1815,  p.  S04. 

I  Phil.  Trans.  1815,  p.  206. 
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Iodine 764 15*625  .Chtp.1. 

Oxygen 236   4*825 

1000 

Now  according  to  the  experiments  of  Oay-Lussac,  to  be 
detailed  in  a  subsequent  part  of  this  work,  1 5*625  represents 
the  weight  of  io£ne  whidi  enters  into  combinations,  suppos- 
ing the  weight  of  oxygen  to  be  denoted  by  1.  So  diat  it 
follows  from  the  preceding  analysis  of  Sir  Humphry  Davy, 
that  iodic  add  is  a  compound  of  one  atom  iodine  and  about 
five  atoms  oxygen. 

But  the  three  experiments  of  Davy  do  not  agree  well  with 
each  other.  By  the  first,  iodic  acid  would  be  a  compound 
of  one  atom  of  iodine  and  4*588  atoms  of  oxygen.  By  the 
second,  of  one  atom  of  iodine  and  4*825  atoms  of  oxygen, 
nearly :  and  by  the  third,  of  one  atom  iodine  and  5'S75 
atoms  of  oxygen.  If  we  recollect  that  these  experiipents 
were  made  upon  three  grains,  two  grains,  and  one  grain,  of 
iodic  acid  respectively,  we  shall  not  be  surprised  at  these 
little  discrepancies,  nor  that  the  quantity  of  oxygen  obtained 
fell  a  little  below  the  truth.  Gay-Lussac,  who  made  his 
experiments  upon  a  much  larger  scale,  employing  the  com- 
pound of  iodic  add  and  potash,  found  iodic  acid  composed 
exactly  of  one  atom  iodine  and  five  atoms  oxygen.*  We 
may,  Uierefore^  consider  this  as  its  tjrue  composition.*  Ac- 
cordingly the  weight  of  ingredients  of  iodic  add  may  be 
represented  by  the  following  numbers : 

Oxygen  ....  £4*24   ••••  100        ••••  ,  5 
Iodine 75*76   ....  781*25   15*625 

This  iodic  acid  agrees  exactly  in  point  of  composition 
with  chloric  acid.  No  other  compound  of  iodine  and 
oxygen  has  hitherto  been  discovered,  though  it  is  very  pro- 
bable that  others  exist.  The  analogy  between  chlorine  and 
iodine  is  so  close  that  we  may  almost  look  for  similar  com- 
binaticms  entered  into  by  each. 

Iodic  add  is  very  soluble  in  w^ter.  When  exposed  to  a 
moist  atmosphere  it  gradually  deliquesces.  Its  solutioii 
first  reddens,  and  then  destroys  vegetable  blues.  It  reduces 
pth.er  vegetable  colours  to  a  dull  yellow.     When  this  liqvud 

*  Ami.  de  Chim.  xpi.  4p. 
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kook  i.  is  heated>  the  water  gradually  eraporatesy  ifid  the  add 
y^***°"'f  acquires  the  consistence  of  a  syrup.  It  then  becomes  pasty, 
and  may  be  driyen  over  unaltered,  unless  the  heat  applied 
be  too  great.  In  that  case  it  acquires  a  purplish  tint  firom 
a  partial  decomposition  which  sets  a  portion  of  the  iodine 
free. 

When  mixed  with  charcoal,  sugar,  or  other  inflammable 
bodies,  and  heated,  detonations  take  place*  Its  scrfntion 
rapidly  corrodes  metallic  bodies. 
Chioriodic  9.  Iodine  has  the  property,  likewise  dfcomlnmng  with 
chlorine.  We  are  indebted  for  the  first  discovery  of  this 
compound  to  the  industry  of  Sir  H.  Davy;  but  it  was 
likewise  examined  by  Gay-Lussac,  before  he  was  aware 
that  it  had  been  the  object  of  the  investigation  of  the  British 
chemist.  Davy  has  given  the  compound  the  name  of  chl<h 
riodic  acid^  which  we  shall  adopt. 

It  is  easily  obtained.  When  a  current  of  chlorine  gas 
is  passed  into  a  vessel  containing  iodine^  the  combination 
instantly  takes  place.  Chioriodic  acid,  when  the  iodine  is 
saturated  with  chlorine,  has  a  ydlow  colour,  and  becomes 
orange  on  fusion;  but  if  there  be  an  excess  of  iodine  the 
colour  is  red.*  To  saturate  the  iodine  in  this  way  is 
attended  with  some  difficulty ;  but  is  easily  accomplished  by 
dissolving  the  red  substance  in  water,  and  passii^  through 
it  a  current  of  chlorine  gas  till  it  be  saturated.  The  solution 
of  chioriodic  apid  obtained  in  this  way  is  colourless,  provided 
there  be  no  excess  of  chlorine ;  but  if  there  be,  it  has  i^ 
yellow  colour.t  • 

It  is  not  easy  to  determine  the  compositioii  of  dib  com-* 
pound ;  because  saturation  is  difficult,  and  it  seems  even  to 
affect  an  overdose  of  iodine.  Davy  made  two  trials  to 
determine  the  quantity  of  chlorine  absorbed,  by  a  given 
weight  of  iodine.    The  results  were  as  follows ;  % 

Cbkmnc 

1.  20  grains  of  iodine  absorbed  1S*125 
cubic  inches.  •  • s  diMi  gnuns 

2.  20  grains  of   iodine   absorbed  9*6 
cubic  inches , •  =s  7*32 

*  Davj.    Phil.  Transu  1814,  p.  4M.    Gay-Lustac.  Ann.  de  Cluni< 
xci.  48.  f  Gayi-Lussac    Ann.  de  Chim.  xcL  50* 

J  Pjiil,  Tnws.  1814,  p.  499. 
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According  to  these  esq)erinent%  tlie  eompodtmn  of  dik^    Ch^i.  i. 
nodic  acid  is  M  follows : 

1.  15*6^5  iodine  +  7*8  chlorine 
9.  15*625  iodine  +  5*710. 

The  reader  will  bear  in  mind,  that  15*625  represents  the 
weight  of  an  atom  of  iodine,  and  4*5  the  weight  of  an  atom 
of  chlorine. 

From  these  experiments  Davy  is  disposed  to  infer,  diat 
chloriodic  acid  is  a  compound  of  one  atom  iodine  +  one 
atom  chlorine.  Bat  when  we  consider  that  it  is  very  &fBr 
cult  to  saturate  iodine  by  the  direct  absorption  of  chlorine^ 
and  that  in  the  first  experiment  *  the  quantity  of  dilorine 
actually  absorbed  was  only  -Jth  less  than  the  weight  of  two 
atoms,  we  can  scarcely  hesitate  to  infer,  diatpuje  chloriodic 
acid  is  a  compound  of  one  atom  iodine  and  two  atoms 
chlorine.  Supposing  that  opinion  well  founded,  it  will  be 
a  compound  of 

Iodine. •••  15*625   63*45    100 

Chlorine . .     9*000   S6-55   57*6 


10000 


Chloriodic  acid  is  very  volatile.  When  exposed  to  the 
air  it  deliquesces.  Its  solution,  in  water,  possesses  acid 
properties.  It  gradually  destroys  vegetable  blues.  Eveq 
the  solution  of  indigo  in  sulphuric  acid  is  deprived  of  its 
colour  by  it  But  it  appears  from  the  experiments  of  Gay- 
Lussac,  that  it  is  decomposed  and  converted  into  iodic  acid 
and  muriatic  acid,  (no  doubt  by  the  decomposition  of  water) 
whenever  we  attempt  to  combine  it  with  a  base.  This  has 
induced  him  to  doubt  whether  it  -possesses  acid  properties, 
and  to  suspect  that  it  is  decomposed  whenever  it  is  dissolved 
in  water.  On  that  account  he  has  given  it  the  name  of 
ddoruret  of  iodine.  But  Davy's  experiments  setoi  to  Hie  to 
prov^  that  it  dissolves  in  water  without  decompositioB,  a^id 
consequently  that  it  is  an  acid. 

10.  Iodine  has  the  property  of  combining  with  starchy  Combtiifs 
and  of  forming  with  it  a  compound  which  has  a  fine  ttufe  ^^  •^*^*'' 
colour.    This  curious  fact  was  first  observed  by  MM.  Colin, 

*  In  tbatesptriment  water  wftsaddtd^lluaUtaudisabsofptioa. 
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BookL    9nd  Oaultier  de  Claubry.*    TbeeanestwftjoffinDOiigtliis 

^^|]^'^2/' compound  is  to  triturate  starch  with  aa  ckcq»  oCiodine^  to 

dissolve  the  mixture  in  potash,  and  then  to  add  a  ^regetaUe 

acid.    The  iodide  of  starch  fidls  down  in  the  state  (tf  afine 

blue  colour.    Stromeyer,  Frofeaior  of  Chemistiy  at  Oottin- 

geu,  has  found  that  starch  is  a  most  delicate  test  of  the 

presence  of  iodine  in  liquids.    He  affirm^,  thiit  the  starch 

acquires  a  perceptibly  blue  tinge,  when  the  iodine  does  not 

»^eed  455^055  of  the  liquidf 

Jl.  Iodine  has  been  detected  in  various  sea  phmts  by 

Gaultier  de  Claubry.    He  found  it  in  iiicua  saccharinus^ 

focus  digitatus,  focus  vesiculosus,  focus  serratus,  focus  sili- 

quosus^  and  fucus  filum.^    Davy  found  indications  of  the 

presence  of  iodine  in  the  ash^  of  focus  cartilaginous  focus 

membranaceusy  focus  rubens^  focus  filamentosus^  ulva  pavo- 

nia,  and  ulv^  lipzfu  § 

19.  It  would  appear  that  cl^Iorine^  osygen,  and  iodine^ 

separate  each  other  from  bases  at  a  ired  heat  in  the  following 

order: 

Chlorine 

Chqrgep, 

Iodine.  . 


Chlbrine  drives  off  the  other  two^  wlule  oxygen  disengages 
iodine.  Hence,  according  to  the  present  language  of  ch^ 
mists,  chlorine  has  the  greatest  ojffbdty  for  the  basei^  oxygen 
the  next  greatest,  and  iodine  the  weiA:e8t  But  to  this  rule 
there  are  many  exceptions.  Thus  iodine  disengages  oxygen 
from  potassium  and  sodium  at  a  red  heat 


SECT.  IV. 

OF  FLUORINB. 

HittDiy.  Thk  mineral  called  Jluor  spatj  and  in  this  country  fre* 
quendy  distinguished  by  the  name  of  Derbyshire  spar,  is  so 
common  in  lead  mines,  and  is  so  beautifol  in  consequence 
of  its  transparency,  its  fine  colours,  and  the  large  size  of  its 
cubic  crystals,  that  it  must  h|ive  early  attracted  the  atten- 
tion  of  mankind.    There  can  be  little  doubt  that  it  is  men-> 

*  Ann.  de  Clmn.  xc.  92.  f  Annals  of  Philosophy,  vi.  319. 

I  Ann.  de  ChiBU  xciii.  75, 1)9.  §  PhU.  Tnus.  .1314|  p.  {iOS. 


tiotied  both  by  Theophrastns  and  Pliny  under  the  name  of  Chap.  I. 
jfalse  emerald  ('<|^ci^;  ^jBUKpay3b$).  In  the  tune  of  Agrioola  it 
was  employed  as  a  flux  for  ores,  and  is  mentioned  by  him 
under  the  name  of  floor**  Its  property  of  corroding  gla% 
when  mixed  with  sulphuric  acid,  was  known  at  Nurembei]g 
as  early  as  1670.  Tlie  first  attempt  to  ascertain  the  com* 
position  of  this  mineral  was  made  by  Margraf.  His  experip 
xoents  were  published  in  the  Memoirs  of  the  Berlia 
Academy  for  1768 ;  but  he  informs  us  that  they  had  been 
made  in  1764.  He  reduced  the  mineral  to  powder,  mixed 
it  with  its  own  weight  of  sulphuric  acid,  and  distilled  it  in  a 
retort.  He  obtained  a  white  saline  sublimate,  and  remarked 
with  surprize  that  the  retort  was  corroded  into  holes  ia 
several  places.t  In  the  year  I??!,  Scheele  published  a  set 
of  experiments  on  fluor  spar,  in  the  Memo^  of  the  Aca- 
demy o£  Sciences  of  Stockholm.  He  showed  that  the 
mineral  was  a  compound  <^f  lime^  and  of  a  peculiar  acid,  to 
which  he  gave  the  name  ofjluoric  add.  He  determined  tbt 
properties  of  this  acid,  apd  showed  it  to  difier  from  every 
other  previously  known. :(  Dr.  Priestley  found  that  tha 
acid  when  obtained  by  Scheele's  process,  is  a  gas  possessed 
of  peculiar  properties  which  he  investigated  and  described*! 

It  was  shown  by  Wiegleb  ||  and  Bucholz,**  and  still  more 
completely  by  Meyer,  ff  that  the  fluoric  acid  of  Scheela 
contained  silica  as  a  constituent,  and  Dr.  John  Davy  ascer* 
tained  the  proportion  of  fluoric  acid  and  of  silica,  that 
exist  in  the  acid  of  Scheele,  iX  and  demonstrated  that  it  is  a 
peculiar  compound  of  fluoric  acid  and  silica,  in  which  the 
constituents  always  exist  in  the  same  proportions.  Gay- 
Lussac  and  Thenard,  in  their  Recherches  Physico-chi* 
miques,$$  published  in  1811,  pointed  out  a  method  of 
preparing  pure  fluoric  aeid,  and  were  the  first  to  determine 
its  properties.  Jt  may  be  procured  in  the  following 
manner. 

A  retort  of  pure  lead  must  be  procured,  composed  of  two 

^  GeoT)(.  Agricolsp  Bennannus,  p.  458.    Basil's  edition  of  1558. 
f  Collection  Academique,  xvi.  281. 
t  Memoireis  de  Chymie  de  M.  C.  W.  Scheele,  i.  1. 
§  Piiestlej  on  Air,  ii.  339. 

II  N.Entd.ind.  Chemie.    Th.  i.  p.  1—15.       ♦•Ibid.  Th.  iii.p.Sa 
ft  Schhften  der  Berliner  Gesellschaft.  naturf.  Freuude,  b.  ii. 
it  Pl^l.  Tnutt.  ^813;  p.  353.  ^  Vol.  ii.  p.  1. 
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VpokL    pieesi  which  dip  into  each  other.    To  thii  refeott  iiiittt  be 

y^^^'  mdmj^ted  m  leaden  reoeiTer.    Thia  apparatna  la  nptcaenled 

PteMimtkm  in  the  figure.     Take  any 

^*»««  quantity  rf  pure  white  ftuor 
qMTi  reduce  it  to  a  fine 
powder,  and  put  H  into  the 
retort,  then  mix  it  well  with  twijce  its  weight  of  oononttuted 
anli^uric  acid.  Lute  the  jcnning  of  the  retort  and  the  beak 
where  it  enters  the  receiTer  with  day,  then  apply  a  mode- 
rate heat  to  the  retort,  taking  care  that  it  is  not  so  great  as 
to  fixse  the  lead.  The  receiver  is  to  be  surrounded  with  a 
mixture  of  common  salt  and  snow.  The  fluoric  add  is  dis- 
ttgBg^  f^d  collected  in  the  reedier  in  a  liquid  state.* 
This  add  possesses  the  fbllowii^  properties. 

^lOfK^^kM.  At  SS^  it  is  a  colourless  liquid  like  water.  It  doea  not 
congeal  diough  cooled  down  to  —  4^,  and  it  continue! 
liquid  at  the  temperature  of  00^.  Its  bdUng  point  has  not 
been  determined,  but  it  is  low.  When  exposed  to  the  air 
it  smokes  violently,  giving  out  a  smdl  nmilar  to  that  of 
muriatic  add,  but  much  stronger.  It  is  very  qpeedily  dissi- 
pated in  open  vessels,  and  can  only  be  preserved  in  metallic 
vesseb.  The  best  adapted  for  the  purpose  arcf  those  which 
are  composed  of  pure  silver,  and  they  mUst  have  a  silver 
'stopper,  which  should  be  air  tight. 

When  this  add  is  as  concentrated  as  possible^  it  would 
appear  from  the  experiments  of  Davy  that  it  contains  no 
water.  Its  specific  gravity  is  then  1*0609.  When  united 
to  a  certain  portion  of  water,  its  specific  gravity  becomes 
1*25.  t  When  a  drop  of  it  is  let  fall  into  water,  a  hissing 
noise  takes  place  similar  to  what  is  heard  when  a  rod  hot 
iron  is  plunged  into  that  liquid.  When  a  few  drops  of 
water  are  let  Ml  into  fluoric  add  it  enters  into  dmllition. 
A  great  deal  of  water  may  be  added  without  destroying  its 
filming  property.  Care  must  be  taken  not  to  bres^e  the 
fiimes  of  this  acid,  as  they  are  very  deleterious.  When  a 
drop  of  it  falls  upon  the  skin,  it  acts  as  a  powerful  corrosive^ 
and  occasions  a  sore  which  does  not  soon  heal. 

When  this  add  comes  in  contact  with  glass,  it  imme- 
diately corrodes  it,  and  is  converted  into  a  gaseous  body, 

*  Recherches  Physico-chimiquesy  ii.  2. 
t  DsYj.    Phil.  Trans.  1813,  p.  ^d. 
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known  by  the  name  of  silioated  fluoric  acid.*    ThLi  add  Cbap.  I. 
combines  readily  with  the  different  bases,  and  forms  a  genus  ^^— v"^ 
of  salts  called  ^Zua/^j. 

From  an  experiment  of  Sir  H.  Davy  it  would  appear, 
that  the  number  which  represents  an  atom  of  this  acid  is 
1*0095,  supposing  an  atom  of  oxygen  to  be  l.f 

It  had  been  the  general  opinicm  of  chemists  that  fluoric  Thcoiy  of 
acid  is  a  compound  of  an  unknown  basis  and  oxygen,  and  °^'^''^°** 
this  opinion  was  adopted  and  maintained  by  Gray-Lussac 
and  Thenard,  in  their  Recherches  Physico-chimiques.  But 
in  the  year  1810,  M.  Ampere,  who  had  ad(q)ted  the  views 
of  Sir  Humphry  Davy,  respecting  chlorine  and  the  compo- 
sition of  muriatic  (Xtdj%  was  led  to  compare  together  the 
fluoric  and  muriatic  adds,  and  to  draw  similar  conclusions 
with  respect  to  the  composition  of  both.  Now  the  base  of 
muriatic  acid  is  hydrogen^  and  the  hydrogen  in  it  is  combined 
with  chlorine,  a  supporter  of  combustion.  Therefore,  sup* 
posing  the  composition  of  both  similar,  fluoric  acid  must 
likewise  be  a  compound  of  hydrogen,  and  an  ttnknown  sup* 
porter  of  combustion.  This  view  of  the  subject  he  comifiu* 
nicated  to  Sir  H.  Davy  in  1810,  who  at  first  was  rather 
inimical  to  the  opinion ;  but,  upon  considering  the  subject, 
he  was  gradually  led  to  change  his  notions,  $  and  at  last 
became  a  strenuous  supporter  of  the  hypothesis.  He  pub- 
lished two  papers  in  succession  on  the  sulgect,  containing 
each  many  highly  interesting  experiments,  and  ingenious 
views  and  deductions ;  ||  but  he  was  unable  to  obtain  the 
supposed  supporter  of  combustion,  in  fluoric  acid,  in  a  sepa- 
rate state.    I  think,  however,  that  the  reasons  adduced  for 

*  This  acid  will  be  described  in  a  sabtequent  port  of  this  woric. 

f  One  hundred  grains  of  fluate  of  lime,  when  repeatedly  heated  with 
pure  sulphuric  acid,  were  converted  into  175'2  grains  of  sulphate  of  lime. 
Now  175*S  of  sulphate  of  lime  contain  73*582  of  Ihoe.  Hence  ftuate  of 
lime  (supposing  it  composed  of  fluoric  acid  and  Kme)  is  composed  of 

Fluoric  acid 86'41& 1*009$ 

lime 73*583 3*665 


100000 


t  Namely,  Aat  it  is  a  compound  of  equal  Tolumes  of  chlorine  ani 
hydrogen  gases. 

$  Ann.  de  Chim.  etPhys.  ii.  21. 

II  Phil*  Tnins.  1813,  p.  863  and  1814,  p.  62. 
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Book  I.  its  esdstence  are  sufficiently  plausible^  and  on  diat  acooiuit 
DiTition  II.  1^^^  Yieea  induced  to  give  it  a  place  among  the  supporters 
of  combustion.  Davy  has  given  it  the  name  of  fluorine^ 
which  we  shall  adopU*  I  shall  now  state  the  evidence  for 
the  existence  of  fluorine  that  has  been  brou^t  fiurward  by 
the  experiments  of  Davy.  I  shall  be  under  the  necemty  oS 
making  use  of  many  substances  which  have  not  yet  been 
described.  Beginners,  therefinre^  will  find  it  convoiient  to 
peruse  the  two  following  chiqpters  before  they  read  the 
remainder  of  this  section.  * 
firooftofits  1.  When  fluoric  acid  and  potassium  fut  brought  into 
contact,  a  violait  action  takes  place;  a  solid  white  iub- 
itanoe  is  formed,  and  a  quantity  of  hydrogen  'gas  is  dis- 
charged. If  the  fluoric  acid  be  free  from  water,  it  is  ol^ 
▼ious  that  this  result  is  best  eqilained  by  supposing  the 
fluorine  and  the  potassium  to  combine  and  form  the  solid 
substance^  while  die  hydrogen,  previously  united  to  the 
fluorine  in  the  acid,  miakes  its  escape  in  the  form  of  gas. 
But  it  requires  to  be  ascertained  whedier  fluoric  add^  the 
Q>ecific  gravity  1  *0609  contains  any  water.  For  this  puiw 
pose  Davy  put  a  quantity  of  it  into  a  platinum  tray,  and 
placed  it  in  contact  with  ammoniacal  gas  till  it  was  saturated 
with  that  alkalL  By  this  means  a  white  salt  was  formed, 
known  by  the  name  of  fluate  df  ammonia.  When  any 
that  contains  water  is  combined  in  this  manner  wjth 
gas,  if  we  heat  the  salt  formed,  water  is  al« 
ways  disengaged.  Thus  sulphuric  acid,  or  nitric  acid,  or 
phosphorous  acid,  when  saturate^l  with  ammoniacal  gas  and 
heated,  give  out  always  abundance  of  water.  But  fluate 
of  ammonia  when  thus  treated  gave  out  no  water.t  Hence 
we  have  no  evidence  that  fluoric  acid  contains  any  WSter. 

*  Ampere  has  given  it  the  name  of  Phthorine^  (Phthore)  from  the 
Gredt  word  fBofict,  destrw^he.  Ann.  de  Chim.  et  Phys.  ii.  £4.  But  it 
is  quite  evident  that  this  new  name  cannot  be  adopted.  There  would  be 
no  end  to  names  if  every  person  at  pleasure  could  coin  new  ones.  The 
reason  assigned  by  him  for  contriving  this  new  name^  namely,  that  he  was 
the  original  starter  of  the  hypothesis,  is  not  valid.  Mr.  Gregor  was  the 
discoverer  of  titanium  ;  yet  the  name  imposed  by  KlaproUi  has  kept  its 
place,  and  even  borne  down  the  name  Menachane^  previously  ajqplied  by 
Kirwan.  Davy  informs  us  that  Ampere  himself  originally  sugge8te4  the 
term^tiortne. 

t  Davy,  Phil.  Trans.  1813,  p.  ^68. 
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2.  Muriatic  acid  is  a  compound  of  chlorine  osxd  hydro-  Chip.  I. 
gen  gas,  the  combination  of  it  with  ammonia  is  called  ftm* 
riate  of  ammonia*  When  potli^sium  is  heated  with  muriate 
of  ammonia,  chloride  of  pott^sium  is  formed,  and  a  quan- 
tity of  gas  disengaged.  This  gas  is  a  mixture  of  ammonia 
and  hydrogen,  and  consists  of  two  volumes  of  ammonia, 
and  one  volume  of  hydrogen  gas.  Now  when  fluaie  oi^ 
ammonia  is  treated  with  potassium,  a  similar  effect  is  pro-* 
duced.  A  white  saline  substance  is  formed,  and  gas  is 
evolved  consisting  of  ammonia  and  hydrogen,  in  the  pro- 
portion of  two  volumes  of  the  former  to  one  volume  of  the 
latter.*  Now  since  the  effects  in  these  two  cases  are  omi- 
lar,  the  fair  inference  seems  to  be  that  the  products  are 
similar.  The  dry  substance  is  probably  a  fluoride  of  pot- 
assium, while  the  hydrogen  was  previously  united  with  the 
fluorine,  and  constituted  with  it  fluoric  acid* 

S.  When  fluoric  acid  is  exposed  to  the  action  of  galvan- 
ism, hydrogen  gas  is  given  out  at  the  negative  wire,  and  the 
positive  wire  (supposing  it  platinum)  is  coated  with  a  choco- 
late powder.f  Wlien  muriatic  acid  is  treated  in  the  same 
way  it  is  decomposed,  its  hydrogen  being  given  off  at  the 
negative  wire,  while  its  chlorine  unites  with  the  positive 
wire.  Is  it  not  probable  then  that  the  chocolate  powder  is 
a  compound  of  fluorine  and  platinum  ? 

4.  If  fluate  of  silver  or  fluate  of  mercuiy  be  exposed  to 
the  action  of  chlorine,  and  heated  in  glass  vessels,  chloride 
of  silver  or  of  mercury  is  formed,  while  the  vessel  is  cor- 
roded, and  a  quantity  of  silicated  fluoric  acid  gas  mixed 
with  oxygen  evolved.  %  Is  it  not  probable  that  in  this  case 
the  fluorine  is  disengaged,  that  it  immediately  acts  upon 
the  silica  in  the  glass,  disengaging  its  oxygen  and  forming 
silicated  fluoric  acid,  which  may  be  considered  as  a  com- 
pound of  fluorine  and  silicon  ? 

Various  attempts  were  made  to  obtain  the  fluorine  in  a 
separate  state,  by  repeating  this  experiment  in  vessels  of 
platinum  and  silver :  but  in  both  cases  it  combined  with  the 
metal.  So  that  it  seems  fluorine  has  the  property  of  com- 
bining with  all  bodies  that  can  be  employed  as  vessels. 
This  precludes  the  possibility  of  obtaining  it  in  a  separate 

etate. 

# 

♦  D«vj,  PhiL  Traiif .  1815,  p.  «a9.       t  Ibid.  p.  271.      t  Ibid.  p.  275. 
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Book  I.       5*  If  we  suppose  fluate  of  lime  to  be  a  eompoimd  of 
Diraanil.  g^Qj^  ^^  and  IJnie,  its  composition  will  be 

Fluoric  acid ... .  1'0095 
Lime A...  9*626 

From  Ais  we  see  that  the  weight  of  an  integrant  particle 
of  fluoric  add  must  be  1*0095.  If  it  be  supposed  a  com- 
pound of  one  atom  of  oxygen,  and  one  atom  of  an  un- 
known inflammable  basis,  then  as  the  weight  of  an  atom 
of  oxygen  is  one,  the  weight  of  an  atom  of  the  inflaomia^ 
ble  base  can  be  only  0.0095,  which  is  only  the  IS  part  of 
the  weight  of  an  atom  of  hydrogen.  On  that  suppoduoi) 
fluoric  acid  would  be  composed  of 

Inflammable  basb 1*00 

Oxygen 105*67 

So  very  light  a  body,  being  contrary  to  all  analogy,  can- 
not be  admitted  to  exist  without  stronger  proofs  than  have 
hitlierto  been  adduced.  On  the  other,  hand  if  fluor  spar 
be  in  reality  Kfliwride  ofcaldvm^  then  its  composition  will  be 

Fluorine 2*0095 

Calcium 2*635 

So  that  the  weight  of  an  atom  of  fluorine  would  be  2*0095, 
or  almost  exactly  twice  the  weight  of  an  atom  of  oxygen. 
Tliis  is  surely  a  much  more  probable  supposition  than  the 
former.  But  the  question  cannot  yet  be  considered  as  fully 
decided. 


CHAP.  11. 

OF  8IMPLH   INCOMBUSTIBLSS. 


By  iricombustibley  I  mean  a  body,  neither  capable  of  under-- 
going  combustion  nor  of  supporting  combustion.  It  unites 
to  all  the  supporters ;  but  the  union  is  never  attended  with 
the  evolution  of  heat  and  light.  We  are  at  present  ac- 
quainted only  with  one  such  substance,  namely,  azote.  It 
is  a  body  of  so  singular  a  nature,  that  it  cannot  with  pro- 
priety be  classed  along  witli  any  of  the  other  simple  bodies; 

2 


A£OT£.  MT 


tiut  teems  entitled  to  a  place  bj  itself.*  In  this  chapter 
then  we  will  confine  ourselves  to  the  description  of  the 
properties  of  azote. 


SECT.  I. 

OF   AZOTE. 


I.  Azote^  caDed  also  nitrogen,  by  some  diemistfl^  may  be  Method  oC 
procured  by  the  following  process:  if  a  quantity  of  ironP"^"* 
filings  and  sulphur,  mixed  together,  and  moistened  with 
water,  be  put  into  a  glass  vessel  full  of  air,  it  will  absorb 
all  the  oxygen  in  the  course  of  a  few  days;  but  a  consider- 
able residuum  of  air  will  still  remain  incapable  of  any  fiu^ 
ther  diminution,  f  This  residuum  has  obtained  the  appd» 
lation  of  azotic  gas.  There  are  other  methods  of  obtahung 
it  more  speedily.  If  phoq>horus,  for  instance,  be  substi- 
tuted for  the  iron-fiHi^  and  sulphur,  the  abs(Hrption  is 
completed  in  less  than  24  hours,  provided  the  temperature 
be  about  60^.  If  100  measures  of  common  air  be  mixed 
over  water  in  a  wide  vessel  with  about  80  measures  of  ni- 
trous gas,  j:  the  mixture  will  acquire  a  brownish  red  cdkMUV 
part  of  it  will  be  absorbed  by  the  water,  and  there  will 
remain  79  measures  of  pure  azotic  gas.    This  is  the  easiest  ' 

and  the  most  elegant  method  of  procuring  aaotic  gas  for 
the  purposes  of  experiment. 

This  gas  was  discov^ed  in  1772  by  Dr.  Rutherfi»dt 
professor    of  botany  in  the    university  of  Edinbttrgh.§ 

*  CbemUu  have  in  general  arranged  uwtB  aloog  with  the  sis^e  com* 
bustibles;  hut  this  place  does  not  suit  it  according  to  the  definitioa 
which  we  hare  given  of  combustion,  see  p.  144.  In  all  probability 
azote  is  a  compound,  and  the  difficulty  will  be  got  rid  of  when  we  succeed 
in  obtaining  its  constituents  in  a  separate  state.  Till  then  at  will  be  best 
to  aUow  it  a  place  by  itself. 

t  This  esperimeat  was  first  made  by  Dr.  Hales. 

t  The  method  of  obtaining  thiegas  will  be  described  in  a  subsequent 
part  of  this  action. 

§  See  his  thesis  De  Aere  Mephitico,  published  m  177S.~-^'  Sed  aer 
talubris  et  purus  respirationtm  animali  non  modo  ex  parte  fit  taephiticusy 
sed  et  o^MMi  iudoHi  mut  mutationem  inde  paiitur,  Postquam  enim  omnis 
ner  mephiticos  (carbonic  add  gui)  ea  eo,  ope  lixivii  caustid  secretus  et 
^fiductus  imntt  pti  tam$n  ruM  nollo  modo  saiubcior  inde  CYsdit;  Mftn 


BooiE  I.  Sdieele  procured  it  by  the  first  mentioned  prooen  hetoW 
y^^JV  tbe  year  1777,  and  proved  that  it  was  a  distinct  fluid.* 
^"^^^  1.  The  air  of  the  atmosphere  contains  about  0*79  parts 
(in  bulk)  of  azotic  gas ;  almost  all  the  rest  of  it  is  oxygen 
gas.  Mr.  Lavoisier  was  the  first  philosopher  who  pub* 
lished  this  analysis,  and  who  made  azotic  gas  known  as  a 
component  part  of  air.  His  experiments  were  published 
in  1778.t  Scheele's  Treatise  on  Air  and  Flre^  in  which 
his  analysis  is  contained,  was  not  published  till  1777*  His 
experiments  were  no  doubt  made  some  yean  befixre^  but 
we  do  not  know  their  exact  date. 
Wdglbt.  2.  Asotic  gas  is  invisible  and  elastic  like  commoo  air, 
which  it  resembles  in  its  mechanical  properties.  It  has  no 
smelL  Its  qiecific  gravity,  according  to  Biot  and  Arago^ 
is  0*9691  ;t  according  to  Kirwan  it  is  0*965;$  according 
to  Lavoisier  0*976 ;  ||  air  as  usual  being  reckoned  one.  I 
am  disposed  to  sdtjipt  the  number  0^72S  fixed  upon  by  Dr. 
Front,  firom  theoretical  connderations  which  I  cannot  ex- 
plain here.**  If  this^  last  esdmate  be  correct,  100  cubic 
inches  of  it,  at  the  temperature  of  60^,  and  when  the  ba- 
IOmeter  stands  at  60  inches,  will  weigh  39*652  grains. 

S.  It  cannot  be  breathed  by  animals  without  sufibcatiom 
If  obliged  to  breath  it  they  die  very  soon,  precisely  as  thqr 
would  do  if  plunged  under  water.  Hence  the  term  azote 
pven  to  this  substance  by  the  French  chemists^  whidi  sig^^ 
liifies  "  destructive  of  life."  ft 

No  combustible  will  burn  in  it.     Hence  the  reason  that 
a  candle  confined  in  a  given  portion  of  air  goes  out  as  soon 
as  the  oxygen  surrounding  it  is  consumed. 
Absorption      4.  This  gas  is  not  sensibly  absorbed  by  water ;  nor  in- 
hf  witer.    j^^  ^^^  ^^  acquainted  with  any  liquid  which  has  the  pro- 
perty of  condensing  it.    Dr.  Henry  ascertained,  that  wheit 

4 

qwamris  Dollani  ex  aqua  calcis  pnDcipitationem  faciat  hand  minus  qtiam 
antea  etflammam  et  vitam  extinguit,*^  page  17.  Whsn  Hauxbee  passed 
air  through  red-hot  metaUic  tubes^  he  roust  have  obtained  this  gas;  but 
at  thfit  time  the  diflferenoe  between  gases  was  ascribed  to  fumes  held  in 
solution.    See  Phil.  Trans.  Abr.  v.  613. 

^  On  Air  and  Fire^  p.  7# 

t  See  his  remarks  on  Scheele's  work^  Mem.  Par.  1781,  p.  397. 

t  Mem.  de  I'Instit,  1806,  p.  8S0.  §  On  Phlogiston,  p.  87. 

n  Lavoisier's  Elements.  **  Annals  of  Philosophy,  6,  398. 

^tf  From  m  and  (««.  '       # 
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water  is  previously  deprived  of  all  the  air  which  it  contains,   Chap.  il. 
100  inches  of  it  are  capable  of  absorbing  only  r47  inches  ^^— ^^r-^ 
of  azotic  gas  at  the  temperature  of  60°.  *    According  to 
Mr.  Ualton  the  quantity  of  azote  which  100  cubic  inches 
of  water  takes  up  is  2^  cubic  inches.f 

IL  Azote  ba3  the  property  of  combining  with  oxygen  in 
four  different  proportions,  and  of  forming  four  compounds 
that  deserve  to  be  accurately  understood  as  they  are  of  con- 
siderable importance  in  chemical  experiments.  These 
compounds  have  received  the  following  names : 

1.  Protoxide  of  azote^  or  nitrous  oxide. 

2.  Deutoxide  of  azote,  or  nitrous  gas, 
S.  Nitrous  acid 

4.  Nitric  acid. 

The  third  of  them  is  the  only  one  that  can  be  formed  di- 
rectly by  uniting  oxygen  and  azote.  The  first  two  are  ob- 
tained by  depriving  nitric  acid  of  a  portion  of  its  oxygen. 
The  last  is  extracted  from  nitre  by  distilling  it  with  sul- 
phuric acid. 

1.  When  electric  sparks  are  made  to  pass  through  com- 
mon air  confined  in  a  small  glass  tube,  or  through  a  mix« 
ture  of  oxygen  gas  and  azotic  gas,  the  bulk  of  the  air  di- 
minishes.    This  curious  experiment  was  first  made  by  Dr.  Combine 
Priestley,  who  ascertained,  at  the  same  time,  that  if  a  little  ^^^  **y" 
of  the  blue  infusion  of  litmus  be  let  up  into  the  tube  it  ac- 
quires a  red  colour ;  X  hence  it  follows  that  an  acid  is  gene- 
rated.    Mr.  Cavendish  ascertained,    that  the  diminution 
depends  upon  the  proportion  of  oxygen  and  azote  present ; 
that  when  the  two  gases  are  mixed  in  the  proper  proportions  And  forms 
they  disappear  altogether,  being  converted  into  nitrmis  add.  ^^^^^ 
Hence  he  inferred  that  nitrous  acid  is  formed  t^  the  com- 
bination of  these  two  bodies.     This  important  discovery 
wns  communicated  to  the  Royal  Society  on  the  2d  of  June 
1785.     The  combination  of  the  gases,  and  the  formation 
of  the  acid,  was  much  facilitated,  he  found,  by  introducing 
into  the  tube  a  solution  of  potash  in  water.    This  body 

•  Phil.  Trans.  1808,  p*  274. 

t  Annals  of  Philosophy,  vii.  810.    Saussure  makes  the  quantity  4*1 
cubic  inches,  (Ann.  of  Philos.  vi.  340)  but  he  seeoif  to  have  overrated  it. 
X  Priestley  on  Air,  ii.  S48. 
VOL.  I.  P 
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jA&dk  f.    t^ted  witb  Ae  nitnoiu  acid  as  it  was  producedi  Md  tbtmed 

^!j*^'3'widi  it  the  salt  called  fdire.  In  Mr.  Galrdhdish's  first  ex- 
ptfiments  there  was  some  imeertaintf ,  both  in  dbe  pn)por- 
tion  of  oxygen  gas  and  of  common  air  which  produced  the 
greatest  diminution  in  a  given  time^  and  in  the  proportion 
of  the  two  gases  which  disappeared  I7  the  actkm  cf  &e  elec- 
tricitjr.  Tlie  experiment  was  twice  repeated  in  the  winter 
1787-8  by  Mr.  Gilpin,  nnder  the  inq[)ection  of  Mr,  Caven* 
dish  and  in  die  presence  of  several  members  of  the  Royal 
Society.  The  littt  of  these  experiments,  which  was  con- 
ducted with  every  possible  precaution  to  ensure  accuracy, 
I  shall  consider  as  nearest  the  truth.  It  lasted  rather  more 
than  a  month.  During  the  course  of  it  there  were  ab- 
sorbed 4090  measures  of  oxygen  gas  ccmtamiiiated  with  -^ 
part  of  azote,  and  2588  measures  of  common  air.  Now  if 
we  suppose  diat  common  air  contains  £1  partt  in  the  100 
of  oxygen  gas,  and  make  diie  neoessaty  corrections,  we 
shall  hate  4505^  measures  of  oxygen  gas^  and  2172^  mea- 
sures of  azotic  gas,  or  very  neaily  8  measures  of  azotic  gas, 
to  4  of  oxygen.  450*55  inches  of  oxygen  weigh  152*68 
grains,  and  217*25  measures  of  aaiote  tbaat  64*41  grauis. 
According  to  this  statement,  we  have  nittbtis  add  coibposed 

Proportion  of  100  parts  by  weight  of  azote  united  to  23?  of  o^^gen; 

SauSw^*  or  in  Ae  hundred  parts 

29-68  azote 
70*32  oxygen 


100*00 


This  result  agrees  almost  exactly  with  the  subsequent  ex- 
periments of  Davy,  according  to  which  the  oonstituentB  of 

« nitrous  acid  are 

29*5  azote 

70*5  oxygen 


100*0 1 

But  the  number  which  represents  the  weight  df  an  atom 
of  azote  seems,  from  a  careful  examination  of  the  com- 
pounds into  which  it  enters,  to  be  1*75  supposing  an  atom 

^  Phil.  Trans.  1788,  p.  366.  f  Researchei,  p.  56S. 


of  oxygen  to  he  i.    And  nkrooB  add  seetnB  to  be  H  eoin*   Chi^  v^^ 
pound  of  1  atom  azote  +  4  atons  oxygen.     Hence  ka 
composition  by  weight  is 

Oxygen  4-00  .  •  •  •  S28*5  •  4  •  •  69*56 
Azote      1-75  ,4..  100      .4..  30*44 


irf* 


100*00 

I  canBot  al  present  detail  the  yeaaolis  whidi  in^cemeto 
pitch  upon  these  numbers,  but  diey  will  appear  as  we  pro^ 
ceed. 

2.  Nitrie  acid,  obtained  by  distiHing  a  mixtul*e  of  nitfe  and  Two  otidei 
sulphuric  acid,  is  a  heavy  liquid,  usually  of  a  yeUow  co*  ^^*^^^ 
lour,  which  acts  with  great  energy  upon  Inost  substances^ 
chiefly  in  consequence  of  the  facility  with  which  it  yields  a 
porti^i  of  its  oxygen.  If  a  little  phosphorus  or  sulphur^ 
for  instance,  be  put  into  it,  the  acid  when  a  little  heated 
^▼es  up  oxygen  to  them,  and  converts  them  into  acids 
precisely  as  tf  the  two  bodies  were  subjected  to  combustiom 
In  this  case  the  nitric  acid,  by  losing  a  portion  of  its 
oxygen,,  is  changed  into  a  species  of  gas  called  mtrotis  gaSf  i.  Nttrout 
which  flies  ofi*and  occasions  the  effervescence  which  attends  ^"^ 
the  action  of  nitric  acid  on  these  simple  combustiblesi 
Nitrous  gas  is  procured  in  greater  abundance^  as  w«ll  ag 
purity,  l^  dissolving  copper  or  silver  in  nitric  acid.  The 
gas  may  be  received  in  a  water  trough  in  the  .usual  way^ 
It  possesses  the  curious  property  of  combining  with  oxygen 
the  instant  it  comes  in  contact  with  it,  and  of  fiurming 
nitric  acid.  Hence  the  yellow  fumes  which  appear  when 
nitrous  gas  is  mixed  with  common  air.  Tl^s  combination 
furnishes  a  suflBcient  proof  that  the  constituents  of  nitrous 
gas  are  azote  and  oxygen,  and  thi|t  |t  contains  less  oxygen 
than  nitric  acid.     It  is  therefore  an  oxide  of  azote. 

Gay  Lussac  has  shown  by  satisfiurtory  proofi^  that  this 
gas  is  composed  of  one  volume  of  oxygen,  and  one  vohune 
of  azotic  gas  united  together  without  any  condensation** 
Hence. its  specific  gravity  is  the  ^lean  of  that  (^ these  two 
gases,  pr  1*04^6:  and  at  the  ten^)erature.of  60^,  and  when  the 
barometer  stands  at  SO  inches,  100  cubic  inches  of  it  weigh 
36*769  grains*    Now  100  cubic  inches  of  oxygen  gas  weigh 

*  Mem.  D^Axcueil.  vol.  iL  p.  216. 
p2 
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Book  I.    83*888  grains,  and  100  cubic  inches  of  asotic  gu  S9*652 
PifidoD  II.  ^prains>    Hence  nitrous  gas  is  composed  as  fidlowt: 

Asote v..  29*652   1*75 

Qi^gen 83*888    2*0 

Hence  we  see^  that  it  is  a  compound  of  one.atom  of  azote 
and  two  atoms  of  oxygen.  It  is  therefore  a  deutoxide  of 
azote.  This  composition*  which  seems  sufficiently  estab- 
lished, is  one  of  the  reasons  for  making  the  weight  of  an 
atom  of  azote  1*75. 
Kitiio  acid.  It  seems  to  be  demonstrated  by  satis&ctory  eiqperiments, 
that  nitric  acid  may  be  formed  by  the  combination  of  100 
vohunes  of  oxygen,  with  133  volumes  of  nitrous  gas.*  But 
133  of  nitrous  gas  are  composed  of  66f  vohunes  of  oxygen 
and  66|-  of  azote.  So  that  nitric  acid  is  composed  of  66)- 
volumes  of  azote  and  166|-  of  oxygen,  or  of  one  volume  of 
azote  and  24-  volumes  of  oxygen.  Now  these  volumes  being 
converted  into  weights,  give  the  compontion  of  nitric  acid 

Azote ;•• ..  1*75 

Oxygen  /• 5-00 

This  was  the  reason  for  pitching  upon  1*75,  to  represent 
the  weight  of  an  atom  of  azote. 
2.  Gtseous  3.  When  iron  filings  are  kept  for  some  days  in  nitrons 
gas,  they  deprive  it  of  a  portion  of  its  oxygen,  and  convert 
it  into  a  gas  which  no  longer  becomes  yellow  whoi  mixed 
with  common  air,  but  in  which  phosphorus  bums  with  great 
splendour,  and  is  converted  into  phoq>horic  add.  This 
combustion  and  acidification  is  a  proof  that  the  new  gas 
contains  oxygen.  Its  formation  demonstrates  diat  it  con- 
tains azote,  and  that  it  has  less  oxygen  than  nitrous  gas.  It 
is  therefore  an  oxide  of  azote  as  well  as  the  last  described 
gas.    The  name  gaseofis  oxide  of  azote  has  been  given  to  it. 

This  gas  is  most  easily  obtained  by  exposing  die  dry  salt 
called  nitrate  of  ammonia  to  the  heat  <^  a  lamp  in  a  small 
glass  retort  As  it  is  absorbed  with  some  rapidity  by  water, 
it  must  be  either  kept  in  phials  fiimished  widi  ground  stop- 

*  Dalton's  New  System  of  Chemistry,  ii.  555.  Gay  Limac,  Ann.  df 
Chim.  et  Phys.  i.  404. 
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pers,  jor  in  glass  jars  standing  over  mercuiy.    It  possesses  Cbap.  il. 
the  property  of  supporting  combustion.   Combustibles  bum  ^^""V"*^ 
in  it  with  nearly  as  much  splendour  as  in  oxygen  gas;  but 
the  combustion  lasts  a  much  shorter  time.     When  mixed  ^ 

with  hydrogen  gas,  and  an  electric  spark  passed  through  the 
mixture,  a  violent  detonation  takes  place.  Davy  found  that 
39  measures  of  this  oxide  require  40  measures  of  hydrogen 
for  complete  combustion.  The  residual  gas  was  41  mea- 
sures of  azote.*  As  the  gases  employed  were  not  absolutely 
pure,  we  may  safely  reject  one  of  the  measures  of  azote^  and 
consider  the  residue  as  consisting  only  of  40  measures. 
But  40  measiures  of  hydrogen  require  for  their  combustion 
20  measures  of  oxygen  gas.  From  this  experiment  there- 
fore, it  follows,  that  oxide  of  azote  is  composed  of 

Azote    •  •  40  volumes  or  2. 
Oxygen . .  20  volumes  —  1 . 

condensed  into  40  volumes.  Hence  its  specific  gravity 
ought  to  be  1-5277.  Now  M.  Colin  found  it  l-5204,t 
which  almost  corresponds  with  the  calculated  gravity.  It 
is  composed  by  weight  of 

Azote 0^722x2    175 

Oxygen....  1*111    I'OO 

But  1*75  is  the  weight  of  an  atom  of  azote,  and  1  the  weight   *** 
of  an  atom  of  oxygen.     Hence  it  follows,  that  this  gas  is 
composed  of  1  atom  azote,  +  1  atom  oxygen,  or  it  is  a  pro- 
toxide of  azote. 

4.  Nitric  acid  can  only  be  procured  in  quantities  from  the  Nitroat 
salt,  called  saltpetre  or  nitre,  which  is  collected  in  great  ^^^' 
abundance  from  the  surface  of  the  earth.  When  this  salt  is 
mixed  with  sulphuric  acid  and  heated  in  a  retort,  the  nitric 
acid  distils  over,  and  may  be  collected  in  a  proper  receiver. 
Saltpetre  melts  in  a  low  heat,  and  may  be  kept  in  that  tem- 
perature without  any  alteration.  But  if  the  heat  be  in- 
creased, a  quantity  of  oxygen  gas  is  disengaged.  If  saltpetre 
which  has  been  kept  for  some  time  in  sucn  a  temperature^ 
be  dissolved  in  water,  and  the  liquid  mixed  with  acetic  acid, 
red  fumes  are  disengaged.  But  no  such  phenomenon  takes 
place,  if  saltpetre  be  used  that  has  not  been  subjected  to 
such  a  process.     The  cause  of  this  phenomenon  was  first 

*  Dav/i  Researches,  p.  291.        |  Ann.  de  Chim.  et  Phys.  i.  318, 
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Book  I.  oplaiiied  by  Scheek.  The  nitric  acid  in  the  adtpetK  Je 
^|][^^^  altered  bjr  the  heety  end  it  is  oooyerted  into  aoodur  eddt 
poeseand  of  a  moch  weaker  affinity  for  potadi  iban  jutrie 
acid  hsBf  Hmoe  the  reucm,  that  it  is  diaei^gafed  by  aoelio 
acid,andllieaoffin  theftateof  radfiimet*  AMCKyfgmgim 
IB  driven  off  by  the  heat,  the  new  acid  was  cpoiioePBd  at 
poMesong  hm  oxygm  than  nitric  acid,  and  was  in  coisf 
qoence  distingaished  by  the  name  of  ni/roitf  actti»  ifwe 
diaK>Ii«  lead  in  nitric  acid,  eiapoiaite  tlie  soluticxi  .tD4ry« 
nesB,  reduce  it  to  pcywdery  dry  it  as  oompletdy  as  puaable, 
md  then  expose  it  to  heat  in  «  small  retort  ^nedv^nn* 
^ver,  an  oran^B-coloimd  liqind  is  obtained,  which  was  first 
obserred  by  Beradins;  but  was  particahuiy  examined  by 
Oay-Lossac*  and  afterwards  by  Dniong.f  lis  sptdfic  gr»- 
▼ity  is  1*451,  and  it  boils  at  die  temperature  82^.  Its  taste 
is  exceedingly  add,  and  wiien  mixed  with  water,  an  effer- 
vescence takes  place,  and  nitrous  gas  is  evolved*  Dolong 
ana1i74Ml  it,  by  passing  it  throoi^  red  hot  iron,  or  copper 
wire^  and  coUecting  the  gaaeous  product  The  metal  in- 
creased in  weight  hj  absorlung  cxygeBf  and  the  gas  was 
azote^  very  nearly  in  a  state  of  purity.  Hence  it  fidlows, 
that  it  is  composed  of  azote  and  oxygen,  and  diet  it  contains 
no  water.  Tlie  result  of  an  experiment,  c^  which  he  gives 
vs  the  details,:!^  is  that  the  add  is  composed  of 

Azote 36^83   •••,••••  1*75 

Oxygen  •  • ,  •  96*76   4*178 

These  numbers  do  not  differ  much  from  those  determined 
\)y  Gay-Lussac,  who  found,  that  100  volumes  of  oogxgen  gas 
could  be  united  with  200  vriumcs  of  nitrous  gas,  and  that 

• 

^  Ann.  de  Chun,  et  Phjt.  i.  406.  f  Ibid.  it.  S17. 

J  The  add  experimented  on  weiglMd  7*035  gnunmet  «•  Itt^M  fraini. 
The  oxygen  which  onited  to  the  meUlwsi5*Mgrsm.  ■•  87*41  gnuni. 
Bat  d'8S  cnbic  inches  of  hjdrofen  get  appesied  in- 

• «••  ••      0*65  girxBTf. 


Hence  the  oxygen  ftom  the  add  was •••••••••    96*T<lfnuas. 

The  siotic  get  evolved  was  1*^  litm  at  5f^.  It  con- 
tained 8*SS  per  cent  of  hydrogen  gat.  IMocting  this, 
the  axote  makes  115*76  cubic  inches  at  dS*  •  lta-5  cohic 

indiesateoo.    These wdgh » 38*d3grains4 

See  Aon.  de  Cliim.  et  Phys.  ii.  8Sa 
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thus  united  thay  constituted  nitrous  acid.*  Aocordiog  to  Chap.  ii. 
this  statementt  nitrous  acid  is  composed  cf  1  ycdnme  '^^'"'^^^^ 
note  +  2  volumes  oxygen,  or  by  weight  c^ 

Azote 0-97«2   1-75 

Oxygen 2*2222   4 

Hence  we  see  that  nitrous  acid  is  a  compound  of  1  atom 
azote  and  of  4  atoms  oxygen. 

5.  Gay-Lussac  concludes  from  his  experimentsp  thai;  100  Hjponi- 
volumes  of  oxygen  gas  may  be  likewise  ipade  to  unite  with  ^'*'***  *^' 
400  volumes  of  nitrous  gas.  The  compound  according  to 
him  is  an  acid,  which  has  hitherto  been  overlooked  by 
chemists,  and  to  whidi  he  has  given  the  name  oSpermtraus 
acidf.  We  see  that  it  miist  be  composed  pf  200  vphune^  of 
azote  united  to  SOO  volumes  of  oxygen,  or  in  weight  of 

Azote 1-9444   1'75 

Oxygen  ....  S*338S    S*00 

So  that  it  must  be  a  compound  of  1  atom  azote,  and  3 
atoms  oxygen.  But  as  this  acid  has  never  been  obtained  in 
a  separate  states  nor  ever  observed  united  to  a  base^  its  ex- 
istence is  still  in  ^me  measure  hypotheticaL 

Thus  we  have  five  compounds  of  azote  and  oxygen; 
namely. 

Azote.  Oxygen. 

1 .  Protoxide  of  azote  composed  of  1  atom  +  1  atom. 

2.  Deutoxide  of  azote    ........  1  +2 

3.  Hyponitrous  acid 1  +3 

4.  Nitrous  acid 1  +4 

5.  Nitric  acid .....l  +5 

III.  Azote  has  the  property  likewise  of  combining  with  Chlorideof 
chlorine^  and  of  forming  a  very  singular  compound,  to  which  *^^* 
we  may  give  the  name  of  chloride  of  azote. 

It  seems  to  have  been  discovered  about  the  b^inning  of  Histmy. 
1812,  by  M.  Dulong,  who  did  not  however  publish  any 
thing  on  the  subject,  having  been  deterred  by  two  .severe 
accidents,  which  prevented  him  from  completing  his  inves- 
tigation. In  September  1812,  Sir  H.  Davy  received  a  let- 
ter from  M.  Ampere,  in  which  he  mentions  the  discovery, 

*  Aon.  de  Chim.  et  Phys.  i.  401. 

t  Ann.  de  Qum.  et  Phys.  i.  400.   JfypoT^i/rotff  acid  wopid  be  abetter 
Bftine. 
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Boole  I.    without  saying  any  thing  about  the  mode  of  preparing  it 
Diviiton  11.  iTiis  information  roused  bis  curiosity,  and  indjooed  him  to 
^"^^^"*^  set  about  a  series  of  experiments  in  order  to  obtain  H,     But 
before  he  had  proceeded  far,  Mr.  Children  put  him  in  mind 
of  an  oil}'  substance,  that  had  been  observed  about  a  year 
before  by  Mr.  Burton,  at  Cambridge,  when  he  passed  a 
current  of  chlorine  through  a  solution  of  nitrate  ammonia. 
This  information  enabled  Davy  to  procure  the  substance, 
and  to  investigate  its  properties.*     A  very  numerous  set  of 
experiments  was  made  upon  it  about  the  same  time,  by 
Messrs.  Porrett,  Wilson,  and  Rupert  Kirk.t     There  was 
lastl}'  an  abridgement  of  Dulong's  original  paper,  drawn  ap 
and  published  by  Tlienard  and  Berthollet^    The  crhloride 
of  azote  may  be  procured  in  the  following  manner. 
Prepai*-  Dissolve  in  water  of  about  110®,  a  quanti^  of  nitrate  of 

ammonia,  or  sal  ammoniac,  so  as  to  make  a  moderately 
strong,  but  not  saturated  solution.  Put  it  into  a  flat  dish, 
and  invert  over  it  a  phial  or  cylindrical  glass  jar,  previously 
filled  with  chlorine  gas.  The  gas  is  slowly  absorbed ;  a 
'  yellowish  oily  looking  matter  collects  on  the  surface  of  the 
liquid  within  the  jar,  and  gradually  falls  to  the  bottom.  It 
is  the  chloride  of  azote.  Care  must  be  taken  not  to  collect 
more  at  one  time  than  a  globule  or  two ;  and  no  experi- 
ments ought  to  be  made  upon  a  quantity  of  it,  exceeding  a 
grain  in  weight.  For  the  explosions  which  it  occasions  are 
so  violent  as  to  he  dangerous,  unless  the  quanti^  employed 
be  very  small.  Chloride  of  azote  possesses  the  following 
properties. 
Propenies.  Its  colour  is  nearly  similar  to  that  of  olive  oil.  It  is  as 
transparent,  and  has  little  or  none  of  the  adhesiveness  of 
oils.  Its  smell  is  peculiar  and  strong,  though  not  so  di^ 
agreeable  nor  injurious  to  the  lungs,  as  that  of  cbIorfne.§ 
It  is  very  volatile,  and  is  soon  dissipated  when  left  in  the 
open  air.  It  may  be  distilled  over  at  160®  without  danger; 
but  is  partially  decomposed  by  the  heat.  The  temperature 
of  200°  onl}'  increases  the  rapidity  of  its  evaporation;  but 
when  heated  to  212%  it  explodes  with  prodigious  violence. 
In  a  vacuum  it  is  converted  into  vapour,  and  is  again  con- 

•  Davy.  Phil.  Trans.  IBIS,  p.  1  and  242. 

t  Nicholson's  Journal,  xxxiv.  180  and  276.    March  aad  April  1813. 

t  Ann.  de  Chim.  Uxxvi.  37. 

§  Davy  compares  it  to  the  smell  of  phozgene  gas. 
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densed  into  a  liquid  when  the  pressure  of  the  atmosphere  is  chap.  II. 
restored.  If  this  Vapour  be  heated  sufficiently,  it  explodes 
with  as  much  violence  as  the  liquid  itself.*^  The  specific 
gravity  of  chloride  of  azote  is  r653-t  When  exposed  to 
cold,  the  water  in  contact  with  it  congeals  at  about  40% 
but  it  remains  fluid  itself,  though  exposed  to  the  cold  pro- 
duced by  a  mixture  of  ice  and  muriate  of  iime4 

When  left  in  water  it  speedily  disappears^  while  a  quan- 
tity of  azotic  gas  isdisengaged.  When  put  into  strong  muriatic 
acid,  a  quantity  of  gas  is  extricated,  considerably  exceeding 
the  whole  weight  of  the  chloride.  This  gas  is  chlorine; 
muriate  of  ammonia  remains  in  the  solution. 

When  chloride  of  azote  comes  in  contact  with  phos- 
phorus or  oils,  a  violent  detonation  immediately  takes  place; 
the  effect  is  so  instantaneous  and  so  great,  that  it  has  not 
been  possible  to  collect  the  products.  Messrs.  Porrett^ 
Wilson,  and  Rupert  Kirk,  brought  125  different  substances 
in  contact  with  it.  The  following  were  the  only  ones  which 
caused  it  to  explode.§ 

Supersulphureted  hydrogen 

Phosphorus 

Phosphuret  of  lime 

Caoutchouc 

Myrrh 

Phosphureted  camphor 

Palm  oil 

Ambergris 

Whale  oil 

Linseed  oil 

Olive  oil 

Camphoreted  olive  oil 

Sulphureted  olive  oil 

Oil  of  turpentine 

Metals,  resins,  sugar,  most  of  the  gases  did  not  explode  with 
this  substance. 

M.  Dulong  placed   chloride  of  azote  in  contact  with  Compose 
pieces  of  copper.     The  chloride  disappeared,  azotic  gas  was  ^^^"' 
disengagedj  and  there  was  formed  a  solution  of  muriate  of 


Oil  of  tar 

Oil  of  amber 

Oil  of  petroleum 

Oil  of  orange  peel 

Naphtha 

Soap  of  silver 

Soap  of  mercuiy 

Soap  of  copper 

Soap  of  lead 

Soap  of  manganese 

Fused  potash 

Solution  of  pure  ammonia 

Phosphureted  hydrogen  gas 

Nitrous  gas. 


•  Ponrett,  Wilson,  and  Kapert  Kirk.  t  Dayy. 

J  Davy.    This  temperature  was  probably  as  low  as  —  40**. 
§  Nicholson's  Jourua);  xxxit.  377. 
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Book  I.  copper.*  From  this  eiperiflieiit  it  follow^  thit  4b0  flub* 
Pifiiionli.  ^|(3iice  iy  1^  compound  of  asote  and  cUorine.  Dvfy  finuidy 
tluH  when  k  was  explode  in  an  eKhaiisled  wiessd^  Am  only 
laroducts  were  cUorina  and  azote.t  This  &rtbar  combo- 
jrafees  Iba  nature  €f  its  ixmstituents.  When  mado  to  ad 
upon  menwjr,  a  Jnixtore  of  oaload  and  corfoam  auUI^ 
mate  $  is  formady  and  aiole  disengaged.  In  ano  eiq«iunant 
i)*?  grain  of  the  cfalorida  prodnoad  49  grain  maaaonBs^  or 
0*lM  eaUc  inch  of  aaota.  Thia  quantity  weigba  QrOBI 
jgndn.  Aecordiog  to  tbia  estimate  the  ahlorida  ia  oaasr 
posedof 

Azote 57  1*75 

Chlorine    ..  643   ^.  19*74 

Sopposmg  it  a  compoand  of  4  atoms  iCbJorine^  and  1 
atom  aaote^  its  constituents  wonid  be 

Aaote 1*75 

Chlorine    • .  •  •  4*5  x  4  as  18* 

The  Tolumes  of  chlorine  and  aiote  according  to  the  pre- 
ceding  experiment,  aw 

Azote 19 

ChkMrine    81 

If  we  suppose  that  the  whole  azote  was  not  obtained,  as  ia 
very  probable;  we  may  state  the  volumes  at 

Azote SO 

Chlorine    80. 

This  would  make  the  chloride  exactly  a  compound  of 
1  atom  azote  and  4  atoms  chlorine.  Davy  made  sevenj 
other  experiments,  which  all  corroborate  this  suppofitioo 
and  render  it  highly  probable, 
lo^  «C  IV.  Azote  has  the  property  likewise  of  combining  with 
iodine^  and  of  forming  a  compound  which  mi^  be  called 
iodide  (f  azote.  It  was  discovered  by  M.  Conrtoisi  and 
may  be  prepared  in  the  following  manner. 

Put  a  quantity  of  iodine  into  a  s(dution  of  aprniopia  in 

«  Ann.  de  Chim.  buczvi.  59.  t  PluL  Traqs.  ^813,  p.  S4^ 

t  These  are  oompoundt  of  mercmy  lo^d  ciilocins. 
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WBiBTi    It  M  gradnaUy  coBvartod  into  a  hrowniali  \Amsk  Ch«i».ii. 
matter  which  k  the  iodide  ofa»oie.  s>^py..<»^ 

When  left  in  the  c^pen  air  it  gradually  flies  oiF  in  vapour  Propertki. 
without  leaving  any  residue.  It  detonates  with  great  viop 
lence  when  slightly  touched^  or  wh^n  heated.  If  the  deto- 
nation be  performed  in  an  exhausted  glass  vessel  the  only 
products  cupeasotic  gas  and  iodine.*  Hence  it  is  obvioot  • 
that  it  is  composed  <^  these  two  substances.  The  attempts 
which  have  been  made  to  determine  the  proportion  of  the 
constituents  of  this  substance  have  not  succeeded.  Gay- 
Lussac  calculates  from  theory f  that  it  is  a  compound  of  one 
atom  of  azote  and  three  atoms  of  iodine^  or  by  weight  of 

Azote 1*75 

Iodine 15-625  x  S  =  46*875 

But  the  basis  of  this  theoretical  calculation  is  quite  un- 
certain. From  the  fact  that  chloride  of  azote  is  a  compound 
of  1  atom  azote  +  4*  atoms  chlorine,  we  see  that  it  is  not 
a  general  law  that  azote  combines  with  other  bodies  in 
the  proportion  of  one  to  three  atoms. 

Various  attempts  have  been  made  to  decompose aiote,  AttempHBiB 
|ind  to  reduce  it  into  simpler  elements ;  but  hitherto  these  ^^^'^"* 
attempts  have  not  been  attended  with  success.  Berzelius 
has  endeavoured  by  an  ingenious  process  of  reasoning  to 
show  that  it  is  a  compound  of  oxygen  and  an  unknown 
substance,  to  which  he  has  given  the  name  of  mtricmn.% 
But  his  reasoning,  being  founded  upon  a  supposed  kiwjf 
which  has  been  since  found  not  to  hold  in  many  oases, 
cannot  be  admitted  as  valid.  Mr.  Miers  published  a  num- 
ber of  ingenious  experiments  in  order  to  show  that  azote  is 
a  compound  of  oxygen  and  hydrogen.  j|  These  e3q)eriment8 
arc  of  a  very  curious  nature :  but  it  would  be  requisite  that 
they  should  be  repeated  with  more  exactness  and  on  a 
greater  scale,  before  we  can  venture  to  draw  any  conse- 
quences from  them.  There  is  a  third  set  of  experiments  on 
an  amalgam  made  by  exposing  mercury  to  the  action  of 

*  Davy,  Phil.  Trans.  1814,  p.  86.  f  -^nn.  de  Chim.  xd.  80. 

X  Annals  of  Philosophy,  ii.  276. 

4  That  in  alloentral  sKlts  the  oxygen  in  the  acid  is  a  multiple  by  a 
friioie  number  of  th^  oxygen  in  the  base. 

II  Axmals  of  Philosophy,  iii.  364,  andiv.  180,  260^ 
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Book  I.  galvaiusm  in  contact  mth  a  moist  ammoniacal  salt.  I  shall 
Diviiionli.  gjyg  a  particular  account  of  these  experiments  in  a  subse- 
quent part  of  this  work.  They  appeared  to  me  at  first  to 
demonstrate  the  compound  nature  of  azote.  But,  upon  con- 
sidering the  subject  with  greater  attention,  I  think  it  would 
be  hazardous  at  present  to  draw  any  such  conclusion  firom 
them.  Upon  the  whole,  then,  as  no  suffident  proof  has 
yet  been  adduced  that  azote  is  a  compound,  we  most  con- 
tinue to  class  it  among  die  simple  lx)dies. 


CHAP.  III. 

OF  SIMPLE  OOlfBUSTIBLBS. 

By  combustible  is  understood  substances  which  have  the 
pr<^rty  of  uniting  with  the  supporters  of  combustion,  and 
of  emitting  light  and  beat  whenever  that  union  is  rapid. 
There  are  at  present  43  such  substances  known.  It  is  of 
great  importance  to  reduce  these  substances  into  distinct 
genera.  The  present  method  of  confounding  every  thing 
under  the  name  of  metal  has  introduced  much  ccmfusion 
into  the  science.  I  conceive  they  may  be  veiy  conveniendy 
classed  under  the  three  following  genera. 
Arrange-  I.  Bodies  forming  acids  by  uniting  with  the  supporters  of 
combustion  or  with  hydrogen.  The  substances  belonging 
to  this  genus  arc  the  eight  following.* 

1.  Hydrogen    3.  Boron    5.  Phosphorus    7.  Arsenic 

2.  Carbon  4.  Silicon    6.  Sulphur  8.  Tellurium 

All  these  bodies,  except  arsenic  and  tellurium^  have  been 
hitherto  classed  apart  from  the  nietal<  under  the  name  of 
simple  combustibles, 

II.  Bodies  forming  alkalies  or  bases  capable  of  constituting 
neutral  salts  with  acids,  by  uniting  with  the  supporters  of 
combustion. 

*  I  class  along  ivith  tliem  likewise  otmium  from  analogy.     It  has  not 
been  sufficiently  exaoiined  to  enable  us  to  decide  where  it  ought  to  be 

placed. 


meat. 
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These  bodies  are  28  in  number.    They  are  all  metals,  chip.  III. 
and  may  be  arranged  under  five  &milie8  or  groups. 


V.   FAMILY. 

1.  Gold 

2.  Platinum 

3.  Palladium 

4.  Rhodium 

5.  Iridium. 


III.   FAMILY. 

1.  Iron 

2.  Nickel 
S.  Cobalt 

4.  Manganese 

5.  Cerium 

6.  Uranium. 

IV.   FAMILY. 

1.  Zinc 

2.  Lead 

3.  Tin 

4.  Copper 

5.  Bismuth 

6.  Mercury 

7.  Silver. 


III.  Bodies  producing  by  their  union  with  the  supporters 
of  combustion  imperfect  acids  or  substances  intermediate 
between  acids  and  alkalies. 

These  bodies  are  six  in  number,  and  belong  all  to  the  class 
of  metals. 


I.  FAMILY. 

1.  Potassium 

2.  Sodium 
S.  Calcium 

4.  Barium 

5.  Strontium 

6.  Magnesium. 

II.  FAMILY. 

1.  Yttrium 

2.  Glucinum 
S.  Aluminum 
4.  Zirconium. 


1.  Antimony 

2.  Chromium 

3.  Molybdenum 


4.  Tungsten 

5.  Columbium  or  tantalum 

6.  Titanium. 


The  description  of  these  dififerent  bodies  will  occupy  the 
following  sections. 


GENUS   I.      ACIDIFIABLE  COBfBUSTIBLES. 

Every  one  of  these  combustibles,  except  the  first,  can 
be  exhibited  in  a  solid  state.  But  diey  all  become 
gaseous  by  uniting  either  with  hydrogen  or  with  a  supporter 
of  combustion. 


SMfiook.  SECT.  I. 


OF  HVDIIOOKV. 


How  piD>  HTDftoasir  may  he  proGored  by  tbe  fi>IIowiiig  proeen. 
Into  a  retort  having  an  openuig  at  ^ 
A*  pat  one  part  of  iron  filings;  then  V^ 
diut  the  openingA  with  a  corky  throngfa  B||f| 
wliich  a  hole  has  been  prenouily  drilled  ^1 
by  means  of  a  round  file^  and  the  bent  Tr 
funnel  B  passed  through  it.  Gate  must 
be  taken  that  the  fiinnel  and  oork  fit 
the  retort  so  as  to  be  air-tight.  Flange 
the  beak  of  the  retort  C  under  water; 
then  pour  through  the  bent  fimael  two  parts  of  sn^horie 
acid  previously  diluted  witk  fimr  times  its  bulk  of  water* 
Immediately  the  mixture  hepoB  to  bml  or  effervesce  with 
violence  and  air-bubbles  mat  abundantly  firom  the  beak  of 
the  retort.  Allow  tl^em  to  eacBpe  fi>r  a  litde^  till  yoo 
sappose  that  the  common  air  whidh  previouslj  filed  Ae 
Mtort  has  been  displacfd  by  the  newly  generated  air. 
Then  place  an  inverted  jar  on  the  pneomatic  shelf  over  the 
beak  of  the  i?etort.  The  bubbles  rise  in  abandance  and 
soon  fill  the  jar.  The  gas  obtained  by  this  piooess  is  called 
hydrogen  gas.  It  was  formerly  called  irifiamauMe  air^  and 
by  some  chemists  pMogisttm. 

It  may  be  procured  also  in  great  abundaane  fay  causing 
the  steam  of  water  to  pass  through  a  rod  hoi  isott  tube. 

T^f^Mcatttj.  This  gas  being  sometimes  emitted  in  considerable  quantities 
from  die  surface  of  the  earth  in  mines,  had  occaaionafly 
attracted  the  notice  of  ob8ervers.f  Mayow,]:  Bafie^f  and 
Hales,  procured  it  in  considerable  quantities,  and  noted  a 
few  of  its  mechaniceil  properties.  Its  combustibility  was 
known  about  the  beginning  of  the  18th  centniy,  and  was 
often  exhibited  as  a  curiosity.  0     But  Mr.  Cavendufr  ought 

*  Sock  reGorts  are  called  tubuUtedthj  chemists, 
t  See  an  instance  related  in  Phil.  Trans.  Abr.  i.  1S9. 

I  Tracutus  Quinqoe,  p.  163.  §  Shaw's  Bojle,  iii.  91. 

II  Cramer's  Elementa  Docimasia,  i.  45.  This  book  was  paUished  is 
1739. — Wasserberg  relates  a  story  of  an  accidental  explosion  which  ter* 
rified  Professor  Jacquin's  operator^  Wasscrberg's  Institotioaes  Cbeniaj 
1.184. 
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to  be  eoAsidetecl  as  itereal  difooi^^etfer ;  since  it  waft  he  wlio  ditp.  HL 
Ant  examined  it^  ivho  pointed  out  the  difFerence  between  it  '^-^ v*-^ 
and  aCmospbeiic  mt^  and  who  ascertained  the  greateflC 
number  gS  it9  propettieflk*     Thej  weife  afterwards  moro 
fttily  invest^ated  by  P^ieitky,  Scheele,  Sennebier,    anA 
Volta. 

1.  Hydrogen  gsis,  like  air,  is  invisible  and  ebsdc,  and  ^^  P'^'P^* 
capable  of  inde&rite  cottiptession  a^  dilatation.  When 
prepared  by  the  first  process  it  has  a  disagreeable  smell, 
similar  to  the  odour  evolved  when  two  flint  stones  are  nibbed 
against  eafch  other.  This  smell  must  be  ascribed  to  some 
foreign  body  held  in  8oluti<»i  by  the  gas ;  for  die  hydrogen 
procured  by  pasong  ffteam  through  red  red  hot  iron  tubes 
has  no  s&^H. 

£•  It  is  the  Kghtest  gaseous  body  with  which  we  are  WeigM- 
acquaiifited  If  the  sped^  gfavity  of  common  air  be  rec^ 
koned  rOOO)  the  specif  gravity  of  hydrogen  ga^  as  de-> 
titribed  by  Biot  and  Arago,  is  0*0732.f  Dr.  Prout  hat 
diown  from  Ibe  specific  grafvity  of  ammoniacal  gas,  which  is 
composed  of  three  Volumes  of  hydrogen  and  one  of  azote 
condensed  into  two  volumes,  that  its  specie  gravity  must 
be  0'0694.]:  According  to  this  estimate  100  cubic  inches  of 
hydrogen  ga%  when  the  temperature  is  60^  and  the  haro- 
meter  stands  at  SO  inches,  weigh  2*  11 7  grams. 

5.  AH  baming  substances  are  immediately  extinguished  Actioii  oa 
by  being  plunged  into  this  gas.    It  is  incapaUe  therefore  €i[^^^*' 
supporting  combustion. 

4.  Whcfei  aiiimids  are  oUiged  to  breathe  it,  they  soon  die.  On  aai- 
The  death  is  occasioned  merely  by  depriving  the  animal  of  "^    ' 
oxygen.     iFhe  animal   dies  precisely  as  it  would  do  if 
plungied  under  water. 

5.  Hydrogen  gas  is  not  sensibly  flA)sorbed  by  water,  Noubsorb^ 
dKHigb  left  for  some  time  in  contact  with  it.    When  water  ^' 

is  previously  deprived  of  all  its  air  by  boiling,  100  cubic 
inches  of  it  imbibe  1'5S  inches  of  hydrogen  gas  at  the  temr 
perature  of  60°.j  According  to  Saussure  water  absorbs 
4'6  per  cent,  of  hydrogen  gas  and  alcohol  5*1  per  cent  || 

II.  If  a  phial  be  filled  with  hydrogen  gas,  and  a  lighted  Combusti- 

ble. 

•  PhiLTruu.  1766,  vol.  Ivi.  p.  141. 

t  Metn  drnVUm^.  ia00,p.  SSO.       I  Annals  of  Philosophy,  ti.  SSS. 

§  Henry,  Phil  Trsns.  1803,  p.  S74.    ||  Annals  of  Philosophy,  ri.  340 
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^ok  I.  candle  be  brought  to  its  mouth,  the  gas  will  tak^  fire,  and 
'  burn  gradually  till  it  is  all  oonsomed.  If  the  hjdiogen  gas 
be  pure,  the  flame  is  of  a  yellowish  white  colour;  hot  if  the 
gas  hold  any  substance  in  solution,  which  is  often  the  case^ 
the  flame  is  tinged  of  different  colours,  according  to  die 
substance.  It  is  most  usually  reddish.  A  red  hot  iron  like^ 
wise  sets  fire  to  hydrogen  gas.  From  my  experiments 
it  follows,  that  the  temperature  at  which  the  gas  takes  fire 
is  about  1000^. 

If  pure  oxygen  and  hydrogen  gas  be  mixed  together, 
they  remain  unaltered;  but  if  a  lighted  taper  be  brought 
into  contact  with  them,  or  an  electric  tpark  be  made  to  pass 
through  them,  they  bum  with  astonishing  rapidity,  and 
Bzplodet  produce  a  violent  explosion.  If  these  two  gasies  be  mixed 
gm^mr  ^^  ^^  proportion  of  one  part  in  bulk  of  oxygen  gas  and 
and  forms  two  parts  of  hydrogen  gas,  they  explode  over  water  without 
^^'*  leaving  any  visible  residuum;  the  vessel  in  which  they  were 
contained  (provided  the  gases  were  pure)  being  completely 
filled  witli  water.  This  important  experiment  was  made  by 
Scheele;  *  but  for  want  of  a  proper  apparatus  he  was  not 
able  to  draw  the  proper  consequences.  Mr.  Cavendish 
made  the  experiment  in  dry  glass  vessels  with  all  that  preci- 
sion and  sagacity  which  characterise  his  philosophical  la- 
bours, and  ascertained,  that  after  the  combustion  there  was 
always  deposited  a  quantity  of  water  equal  in  weight  to  the 
two  gases  which  disappeared.  Hence  he  concluded  that  the 
two  gases  had  combined  and  formed  this  water.  This 
inference  was  amply  confirmed  by  the  subsequent  experi- 
ments of  Lavoisier  and  his  friends.  Water,  then,  is  a 
compound  of  oxygen  and  hydrogen,  united  ip  the  propor- 
tion of  one  volume  of  oxygen  to  two  volumes  of  hydrogen. 
But  tlie  specific  gravity  of  oxygen  gas  is  1*1111,  and  that 
of  hydrogen  gas  0*0694.  So  that  oxygen  gas  is  16  times 
heavier  than  hydrogen  gas.  Therefore  water  is  composed 
by  weight  of 

Oxygen 8 1* 

Hydrogen 1 0'125 

If  therefore  we  suppose  water  to  be  composed  of  one  atom 

*  ScheeU  on  Air  snd  Fire,  p.  57.;  sod  Crell'f  AniuJs,  iii.  101.  C^ 
Trans. 
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of  oxygen  and  one  atom  6(  liydtogetif  and  repre^nt  the  Cha^  iii. 
weight  of  an  atom  of  dxygen  by  1^  the  height  ef  ta  ^'^"V-*^ 
atom  of  hydrogen  will  be  0*125. 

If  100  measdres  of  air  be  mixed  with  42  dieasures  of 
liydrogen,  and  an  eieelri«i  spiirk  passed  through  tlj6  ttibk- 
ture,  a  detonation  takefl  plaee,  and  the  residual  gas  atifiouAtl 
to  79  volumes,  and  is  pure  azotic  gas.     This  shows  tis  thitt 
air  is  a  compound  of  21  oiiygen  aiid  79  fl£6tic  gai.*    Pbt 
the  42  tneasures  of  hydrogen  require  just  21   me^ures  df 
oxygen  to  convert  them  into  Water.     This  experimeAt  ii 
often  used  to  ascertaiii   the  purity  of  hydrogen  gas.     Miit 
any  quantity  of  hydrogen  gas  with  its  bulk  of  MygM,  6thd 
fire  it  by  means  of  an  eleotric    spark ;  tibte  th^   dimiliu- 
tion  of  bulk  that  taked  place ;  two  thirds  of  that  dimilitH 
tion  is  hydrogen.     Suppose  we  mix  20  measul'ei^  of  hydre^ 
gen  and  20  of  oxygen,  and  fire  them  by  itieatki  6f  eleelrieky. 
Suppose  the  residual  gas  after  the  experiment  10  measures. 
Thirty   measures  have  disappeared.     Two  thirds  of  tliat 
or  20  measures  were  hydrogen.     Therefore  in  such  a  case 
the  hydrogen  examined  Wotild  be  considered  as  pilre. 

III.  Hydrogen  has  the  property  also  of  combining  with 
chlorine  gas.  The  compound  formed  is  known  by  the  rioriie 
of  muriatic  add. 

If  equal  volumes  of  chlorine  and  hydrogeh  bef  put  into  a  Marittic 
glass  tube  and  exposed  to  the  direct  rays  oi  the  SUA,  an  ex-  "***• 
plosion  takes  place.    This  curiotte  &ct  was  first  observed 
by  Gay-Ltissac  and  Thenatd.*     When  tWo  e<^l  glassf 
vessels,  ground  so  as  to  fit  each  other  and  filled,  the  one 
with  dry  chlorine  and  the  other  with  hydrogen,  are  ptaced 
in  contact  and  exposed  to  the  light  of  d^j^,  but  not  to  sun- 
shine, the  yellow  colour  gradtrany  di$appeii(rs  and  t!he  mix- 
ture becomes  colourless.     If  it  be  noXi(^  examined  it  will  be 
found  converted  into  pure  muriatic  add  gas,  equal  in  bulk 
to  the  Volume  of  the  two  gases  before  comibination.f  Hence 
it  follows  that  this  gas  is  a  Compound  of  chlorfn'6  and  hy- 
drogen.    The  experiments  which  led  t6  tM^  conclusion 
were  first  made  by  Gay-Lussac  and  Thenard.     But  the 

^  Recherches  Physico-Chimiques,  ii.  129.  The  discovery  was  like- 
wise made  by  Dalton,  who  communicated  it  to  me  by  letter  before  the 
publicatioDr  above  quoted  appeared. 

t  Ibid.  p.  1S8. 
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Boek  L  amsequenoe  was  first  drawn  by  Sr  Humphry  Divy,  who 
pi?ieionll>  thus  revived  theoriginal  opinion  of  Schede»  the  dBaoovarer 
of  chlorine  gas. 

Muriatic  aadj  called  hjfdroddoric  add  by  Gay-Lonact  is 
a  gaseous  body,  invisible  and  elastic  like  conunon  aUf  and 
having  a  peculiar  smell  and  a  very  sour  taste.  Water 
absorbs  it  with  great  avidity^  so  that  it  can  be  preserved 
only  over  mercuiy.  No  combustible  body  will  bum  in  it: 
and  it  destroys  life  instandy  when  an  attempt  is  made  to 
breathe  it  Indeed  it  cannot  be  drawn  into  the  hingi;  the 
l^ttis  being  spasmodically  shut  whenever  it  comes  in  con- 
tact with  this  gas. 

Its  gped&e  gravity  ia  the  mean  of  that  of  chlorine  and 
hydrogen,  or  1*2847.  Hence  100  cuImc  inches  of  it  wei^ 
S9*162  grains. 

Its  constituents  are  as  follows: 

Hydrogen  .•••••  0*185 1 

Chlorine. •  4*5..  ••••••  36 


idd. 


H]pdriodie  IV.  Hydrogen  combines  with  iodin^  and  forms  a  com-> 
pound  which  has  received  the  name  of  hj/driodic  add.  It 
seems  to  have  been  first  discovered  by  M.  Qanent;  but 
its  nature  and  properties  were  first  investigated  by  Davy* 
and  6ay-Lu8sac.t 

It  maybe  obtained  by  mixing  togedier  four  parts  of 
iodine  and  one  part  of  phosphorus,  moistening  the  com- 
pound with  water  and  heating  it  in  a  small  retort.  A  gas 
comes  over  which  must  be  received  over  mercury.  This  gas 
is  hydriodic  add. 

It  is  colourless  and  elastic  like  common  air.  It  has  a 
smell  similar  to  that  of  muriatic  acid  and  a  very  add  taste. 
Its  specific  gravity,  according  to  the  experiments  of  Gay- 
Lussac,  is  4*4434  "^^  ^^  specific  gravity  ought  to  be 
4*3749,  which  is  the  mean  between  the  specific  gravity  of 
iodine  vigour  and  hydrogen  gas.  Hence  at  the  tempera- 
ture of  60^,  and  when  the  barometer  stands  at  30  indies, 
100  cubic  inches  of  it  weigh  133*434  grains- 

When  this  add  is  left  in  contact  with  mercury  it  is  de- 
composed, the  mercury  combines  with  the  iodine  and  forms 

•  Phil.  Trans.  1814,  p.  74.  f  Ann.  de  Chim.  xd.  9. 

I  Aon.  de  Chim*  xd.  16. 


nn  iodide,  while  a  quantity  of  hydrogen  gas  is  disengaged  dhap.  Ill, 
exactly  equal  to  half  the  bulk  of  the  hydriodic  acid  gas.  ^^*"V^ 
It  is  decomposed  likewise  by  chlorine,  muriatic  acid  is 
formed  and  the  iodine  is  deposited.  These  experiments 
leave  no  doubt  about  its  composition.  It  consists  of  one 
volume  of  vapour  of  iodine  united  to  one  volume  of  hydro- 
gen gas  without  any  change  of  bulk.  Hence  it  is  com- 
posed by  weight  of 

Iodine 8*6804 16-625 

Hydrogen 0-0694 0-125 

We  see  from  this  that  it  is  composed  of  an  atom  of  iodine 
united  to  an  atom  of  hydrogen. 

Water  absorbs  this  acid  with  avidity.  When  exposed  to 
a  heat  below  262^  the  water  is  driven  o£P  and  the  acid 
becomes  concentrated.  In  this  way  its  specific  gravity  may 
be  increased  to  1*7.  At  262^  the  acid  boils  and  may  be 
distilled  over.  It  readily  dissolves  iodine,  and  becomes  pf  a 
darker  colour.  It  becomes  dark  coloured  also  by  exposure 
to  the  air,  being  partly  decomposed. 

V.  Hydrogen  has  the  property  of  combining  with  flu- 
orine, and  forming  a  very  powerful  add  known  by  the  name 
o{  fivmic  aad^ 

This  acid,  in  a  state  of  purity,  was  first  made  known  to  Flaotic 
chemists  by  Gay-Lussac  and  Thenard.*    It  is  obtained  by  ^'^^ 
putting  a  mixture  of  pure  fluor  spar  and  sulphuric  acid  into 
a  retort  of  lead  and  silver,  and  distilling  into  a  leaden  or 
silver  receiver. 

Fluoric  acid  is  a  colourless  liquid,  of  the  specific  gravity 
1  -0609.  It  smokes  strongly  when  exposed  to  the  air.  It 
acts  with  prodigious  energy  upon  the  skin.  The  smallest 
speck  occasioning  sores.  We  are  not  acquainted  with  the 
proportions  in  which  the  constituents  of  this  acid  are  com- 
bined. If  we  conclude  from  an  analogy  that  it  is  a  com- 
pound of  an  atom  of  hydrogen  and  an  atom  of  fluorine,  its 
proportions  will  be  1  of  hydrogen  to  16  of  fluorine.  For 
an  atom  of  fluorine  seems  to  weigh  two.  According  to  this 
notion  fluoric  acid  will  be  composed  of 

Hydrogen 0125 1 

Fluorine 2*000 16 

*  R«cherclie9  Pfaysico-Chimiqaes,  ii.  2. 
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Sook  I.       The  affinity  of  hjdrogen  tx  the  tiqyporten  of  combastion 
*2^^- tt  in  the  foUowing  order. 

Hydrogett* 
Oxygen* 
Chlorine. 
Iodine. 

'  Oxygen  separates  hydrogen  from  chlorine  and  iodine ;  while 
chlorine  separates  it  from  iodine. 

VL  Hydrogen  has  the  property  of  combining  with  aiote 
and  of  forming  a  gaseous  substaiice  distinguished  by  the 
name  of  ammonia. 
Ammonia.  This  substance  was  unknown  to  the  ancients.  It  seems 
to  have  been  discovered  by  the  Arabian  chemists ;  though 
we  axe  ignorant  who  the  discoverer  was.  When  animal 
substances  are  distilled,  a  white  saline  substance  is  obtained 
having  a  strong  and  peculiar  odour,  to  which  the  name  of 
hartshorn  and  volatile  a£lalt  were  given.  Tliis  salt  is  a  com- 
pound of  ammonia  and  anodier  gaseous  substance  called 
carbonic  add.  The  method  of  obtaimng  it  is  described  by 
Basil  Valentine.  If  this  salt  or  sal  ammoniac  be  mixed 
with  twice  its  weight  of  quicklimei  put  into  a  flask  and 
exposed  to  the  heat  of  a  lamp,  a  gas  comes  over  which  must 
be  received  over  mercury,  and  which  is  ammoniacal  gas. 
This  gas  was  first  discovered  by  Dr.  Priestley.  Its  com- 
position was  first  ascertained  by  Scheele.  Berthollet 
determined  it  by  pretty  correct  experiments.  The  sub- 
sequent experiments  of  Henry,  A.  Berthollet,  and  Davy, 
ascertained  the  proportion  of  the  constituents  with  rigid 
accuracy. 

Ammoniacal  gas  is  transparent  and  colourless,  and  pos- 
sesses the  mechanical  properties  of  air.  Its  smcU  is  very 
pungent ;  though  rather  agreeable  when  sufficiently  diluted. 
Its  teste  is  acrid  and  caustic,  and  if  drawn  into  the  mouth 
it  corrodes  the  skin.  Animals  cannot  breathe  it  mthout 
death.  When  mixed  with  oxygen  gas,  and  an  dectric 
spark  passed  through  the  mixture,  it  detonates,  as  was  first 
discovered  by  Dr.  Henry.  It  converts  v^^etable  blues  into 
green.  Its  specific  gravity  is  0  590.  Hence  at  the  tempera- 
ture of  60%  and  when  the  barometer  stands  at  $0  inches 
100  cubic  inches  of  it  weigh  18  grains. 

Water  absorbs  780  times  its  bulk  of  this  gas,  and  is  con- 
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verted  into  liquid  ammonia,  a  substance  very  much  ets^  Chap.lH. 
ployed  in  chemical  experiments.       When  this  liquid   is 
heated  to  130^  the  ammonia  squirates  in  the  form  of  gas. 

When  electric^Mrks  are  passed  for  a  consideraUe  time 
through  dry  ammoniacal  gas  its  bulk  is  just  doubled,  and  it 
is  completely  decomposed.  The  new  ggseous  product  eon* 
sists  of  a  mixture  of  three  volumes  of  hydrogen  gas  and 
one  volume  of  azotic  gas.  It  is  obvious  from  this  that  am- 
monia is  conqfK)sed  of  three  volmnes  of  hydrogen  and  one 
volume  o(  azote  compressed  into  two  volumes.  Hence  its 
constituents  by  weight  are 

Hydrogen 0*1947 ....  0'125  x  3  . .  • .  1 

Azote 0-9722 ....  1'75 4|. 

Thus  we  see  that  ammonia  is  a.  compound  of  three  atoms  of 
hydrogen  and  one  atom  of  azote. .  Hence  the  weight  of  an 
atom  of  it  is  2*125. 


SECT.  U. 

OF  CARBON. 


If  a  piece  of  wood  be  put  into  a  crucible,  well  covered  Method  •€ 
with  sand,  and  kept  red-hot  for  some  time,  it  is  converted  chuMdlf 
into  a  black  shining  brittle  substance,  without  either  taste 
or  smell,  well  known  under  the  name  o( charcoal..  Its  pro- 
perties are  nearly  the  same  from  whatever  wood  it  has  been 
obtained,  provided  it  be  exposed  for  an  hour  in  a  covered 
crucible  to  the  heat  of  a  forgeJ* 

1.  Charcoal  is  insoluble  in  water.     It  is  not  affected  lo  proper^ 
(provided  that  all  air  and  moisture  be  excluded)  by  the  most  ^^' 
violent  heat  which  can  be  applied,  excepting  only  that  it  is 
rendered  much  harder  and  more  brilliant.t 

It  is  an  excellent  conductor  of  electricity,  and  possessea 
besides  a  number  of  singular  properties,  which  render  it  of 
considerable  importance.  It  is  much  less  liable  to  putrify  or 
rot  than  wood,  and  is  not  therefore  so  apt  to  decay  by  age. 
This  property  has  been  long  Icnown.    It  was  customary 

*  Unless  that  precaution  be  attended  to,  the  properties  of  chiircoal 
dilTer  considerably. 

t  This  propeity  was  wdl  known  to  the  older  chemists.  SeQ  Hoff^ 
maon's  Observatiooes  Physico-CbymicsB  Selections,  p.  t98b 
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Book  I.    among  the  ancients  to  dwr  the  outside  of  those  stakes  which 
Division  II.  ^gj.g  ^  j^  driven  into  the  ground  or  placed  in  water,  in 

order  to  preserve  the  wood  firpm  spoiling*  New-made 
charcoal,  by  being  rolled  up  in  clothes  which  have  contracted 
a  disagreeable  odour,  eflfectually  destroys  it  When 
boiled  with  meat  beginning  to  putrefy,  it  takes  away  the 
bad  taint  It  is  perhaps  the  best  teeth-powder  known* 
Mr.  Lowitz  of  Petersburgh  has  shown,  that  it  may  be 
used  with  advantf^  to  purify  a  great  variety  of  substances.* 
When  putrid  water  at  sea  is  mixed  with  about  -^  of  its 
weight  of  charcoal  powder  it  is  rendered  quite  &edi,  and  a 
much  smaller  quantity  of  charcoal  will  serve  if  the  pre- 
caution be  taken  to  add  a  little  sulphuric  acid  previously  to 
the  water.  If  the  water  casks  be  charred  before  they  are 
filled  with  water,  the  liquid  remains  good  in  them  for 
years.  This  precaution  ought  always  to  be  taken  for  long  sea 
voyages.  The  same  precaution  when  attended  to  for  wine 
casks  will  be  found  very  much  to  improve  the  quality  of  the 
wine.f 

2.  New-made  charcoal  absorbs  moisture  with  avidity. 
Messrs.  Allen  and  Pepys  found,  that  when  left  for  a  day  in 
the  open  air,  it  increased  in  weight  about  124-  per  cent. 
The  greatest  part  of  this  increase  was  owing  to  moisture 
which  it  emitted  again  copiously  when  exposed  under  mer^ 

Abtorbt      cury  to  the  heat  of  21^^.% 

K**""  S.  When   freed   from  the  air  which  it  may  contain, 

either  by  heat  or  by  being  placed  under  an  exhausted  re* 
oeiver,  it  has  the  property  of  absorbing  a  certain  quantity 
of  any  gaseous  body  in  which  it  may  be  placed.  Lame- 
therie  made  some  experiments  on  this  subject  many  years 
ago.§  Count  Morozzo  made  many  curious  observations 
on  the  quantity  of  different  gases  absorbed  by  charcoal  || 
These  were  varied  and  extended  still  farther  by  Messrs. 
Rouppe  and  Van  Noorden  of  Rotterdam.**  But  the  most 
complete  and  satisfactory  set  of  experiments  on  the  absorp- 

*  See  upon  the  properties  of  charooal  tlie  experiments  of  Lowitz, 
CrelPs  Annals,  ii.  165.  Engi.  Trans,  and  of  Kels,  ibid.  iii.  S70. 

f  BerthoUet,  Ann.  de  Chim.  lix.  96 ;  and  xdii.  150. 

X  Allen  and  Pepys  on  the  quantity  of  carbon  in  carbonic  acid.  Phil. 
Trans.  1807. 

§  Jour,  de  Phys.  xxx.  ^09. 

II  Jour  de  Phys.  1783,  p.  376.    Nicholson's  Journal,  ix.  355»  and  z.  IS. 

^*  Ann.  de  Chim.  xxiii.  3. 
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tion  of  gases,  by  charcoal,  has  been  made  by  M.  Theodore  Chap.  iii. 
de  Saussure.*  His  method  was  to  heat  the  bit  of  charcoal ' 
red  hot,  to  plunge  it  while  in  that  state  under  mercury,  and 
then  to  introduce  it  when  cold  into  the  gas  to  be  examined. 
He  alwap  employed  box  wood  charcoal.  The  foUowing 
table  exhibits  the  bulk  of  the  various  gases  absorbed  by  a 
volume  of  charcoal  reckoned  one. 

Volames. 

Ammoniacal  gas 90 

Muriatic  acid 85 

Sulphurous  acid  • 6S 

Sulphureted  hydrogen 55 

Nitrous  oxide  40 

Carbonic  acid 1 .  35 

Olefiant  gas 35 

Carbonic  oxide 9*42 

Oxygen 9*25 

Azote 7*5 

Oxy-carbureted  hydrogen  t 5* 

Hydrogen 1*75 

The  absorption  of  all  these  gases  terminated  at  the  end 
of  24  hours,  and  was  not  increased  by  allowing  the  charcoal 
to  remain  in  contact  with  the  gas.  From  Saussure's  expe- 
riments  it  seems  clear  that  this  absorption  of  the  gases,  by 
charcoal,  is  analogous  to  the  capillary  attraction  of  liquids 
by  very  small  tub^ 

When  charcoal  already  saturated  with  any  gas  is  put  into 
another  gas,  it  gives  out  a  portion  of  the  gas  already  ab- 
sorbed, and  absorbs  a  portion  of  the  new  gas.  The  pro- 
portions vary  according  to  the  relative  absorbability  of  the 
two  gtfses. 

4.  There  is  a  substance  found  native^  in  different  parts  Piiimbaso» 
of  the  world  that  possesses  most  of  the  properties  of  char- 
coaL  This  substance  is  known  by  the  name  of  plumbago^ 
graphite^  black  lead.  It  is  employed  for  making  pencils,  for 
making  crucibles,  and  for  rubbing  bright  the  surface  of  cast 
iron  utensils.  It  serves  likewise  to  diminish  friction  when 
interposed  between  rubbing  surfisu^s.     The  iinest  sped- 

*  AflBtlf  of  Philosophy,  vi.  S41  and  SSI. 

t  Gas  ftom  moist  charcoal  of  the  specific  gravity  0*3326, 
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Book  I.  BicDsof  this  nuneral  tire  fixmd  in  the  cele|iraled  mine  of 
^'  Barrowdale,  in  the  cxmntj  of  Camberland.  Thii  mine  has 
been  worked  since  die  time  of  Queen  Eliiabeth,  and  !•  said 
•  to  be  the  only  one  which  supplies  plumbago  of  suffident 
purity  to  be  made  into  pencils.  PencUs  of  this  substance 
existed  in  1565)  as  they  are  mentioned  by  Comrade  Gresner 
in  his  book  on  fossils  published  that  yean  But  the  nature 
of  plumbago  was  first  determined  by  Scheele  in  his  experi- 
ments on  plumbago^  published  in  the  Memoirs  ^  the  Stodt- 
holm  Academy^  for  1779.  Dr.  Lewis^  indeedt  bad  pre- 
viously made  some  considerable  advances  towaids  the  results 
obtained  by  Scheele.* 

Plumbago  is  a  mineral  of  a  darl(  steel  grey  colour,  and  a 
metallic  lustre ;  it  is  soft  and  has  a  greasy  feel ;  it  leaves  a 
dark  coloured  line  when  drawn  along  paper ;  it  is  a  con- 
ductor of  electricity.  When  kept  red  hot  it  gradually 
wastes  away  in  the  open  air,  and  it  bums  with  great  splen- 
dor when  thrown  into  red  hot  saltpetre* 

Dtamcmd.  5.  The  diamond  is  another  substance  which  possesses 
many  of  the  properties  of  charcoal*  thoa|^  it  diffisrs  from 
it  in  others.  It  is  the  hardest  and  most  beautiful  of  all  the 
precious  stones.  Hitherto  it  has  been  found  only  in  India 
and  Brazil  It  is  always  crystallized,  and  usually  of  a  small 
size.  The  figure  of  its  crystal  is  the  octahedron,  but  the 
fiices  are  usually  curved,  and  the  most  common  figure  is  a 
kind  of  48  sided  figure ;  die  &ces  are  curved,  and  the 
whole  figure  approaches  somewhat  to  a  q>here.  Its  spe- 
cific gravity  is  about  3*5.  It  is  a  non-conductor  of  elec- 
tricity. 

Coinbutti<r      This  mineral  was  long  considered  as  incombustible.     But 
^ '  Newton,  from  its  property  of  refiracting  light  so  powerfully, 

conjectured  that  it  was  capable  of  burning.  Tliis  conjec- 
ture was  verified  in  1694,  in  the  presence  of  Cosmo  III. 
Grand  Duke  of  Tuscany.  By  means  of  a  burning  glass 
the  Florentine  Academicians  consumed  several  d{amonds.f 
In  1751,  Francis  I.  Emperor  of  Germany,  witnessed  the 
destruction  of  several  more  diamonds  in  the  beat  of  a  fiu> 


^  Philosophical  Commerce  of  the  Arts^  p.  SS6. 
t  Giomale  de  litterati  dltslia,  Tom.  viii.  Ait.  9.    TM  experimeots 
were  performed  by  Aversni. 
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nace.*      These  experiments  were   repeated   by  Darcet,  Chap.  in. 
Rouelle,  Macquer,  Quiet,  and  Lavoisier,  who  proved  that  ^— v^ 
the  diamond  was  not  merely  evaporated  but  actually  burnt, 
aiid  that  if  air  was  excluded  it  underwent  no  change,  f 

Mr.  Lavoisier  prosecuted  these  experiments  with  his 
usual  precision ;  burnt  diamonds  in  close  vessels  by  ineans 
of  powerful  burning  glasses ;  ascertained  that,  during  their 
combustion,  carbonic  acid  gas  is  formed ;  and  that  in  this 
respect  there  is  a  striking  analogy  between  them  and  char- 
coal, as  well  as  in  the  affinity  of  both  when  heated  in  close  • 
vessels.:^  A  very  high  temperature  is  not  necessary  for  the 
combustion  of  the  diamond.  Sir  George  Mackenzie  Ascer- 
tained that  they  bum  in  a  muffle  §  when  heated  to  the  tem- 
perature of  lt°  of  Wedgcwood's  pyrometer;  a  heat  con- 
siderably less  than  is  necessary  to  melt  silver.  ||  When 
raised  to  this  temperature  they  waste  pretty  fast,  burning 
with  a  low  flame,  and  increasing  somewhat  in  bulk ;  their 
surface  too  is  often  covered  with  a  crust  of  charcoal,  espe- . 
cially  when  they  are  consumed  in  close  vessels  by  means  of 
burning  glasses.** 

In  1785,  Gujton-Morveau  found  that  the  diamond  is  And  con- 
combustible  when  dropped  into  melted  nitre ;  that  it  bums  ^[{^||^^ 
without  leaving  any  residuum,  and  in  a  manner  analagous  s^cid. 
to  charcoal,  ft    Mr.  Smithson  Tennant  repeated  this  experi- 
ment with  precision  in  1797.     Into  a  tube  of  gold  he  pot 
120  grains  of  nitre,  and  2*5  grains  of  diamond,  and  kept 
the  mixture  in  a  red  heat  for  half  an  hour.     The  diamond 
was  consumed  by  the  oxygen,  which  rcd>hot  nitre  always 
gives  out    The  carbonic  acid  formed  was  taken  up  by 
means  of  lime,  and  afterwards  separated  from  the  lime  and 
measured.     It  occupied  the  bulk  in  one  experiment  of  10*S 
ounces  of  water,  and  in  another  of  10*1 :  the  mean  is  equal 
to  19*36  inches  of  carbonic  acid,  which  have  been  ascer* 

*  Das  Neueste  aos  der  enmuthigen  gelehnamk^it.     Aus  dta  Jthr, 
1751,  S.  640. 
t  Mem.  Par.  Uaa,  1770, 1771,  n7«. 

I  Lavoisier's  Opuscules,  ii.  asqupted  bj  Macquer.    Diet.  i.  357. 

§  A  muffle  is  a  kind  of  small  earthen-ware  oveu,  open  at  one  end,  and 
fittted  into  a  furnace. 

II  Nicholflon's  Quarto  Jour.  iv.  104. 

**  Macquer  and  Lavoisier.    Macquer*s  Diet.  Ibid, 
tt  Bncjc  MsiliDd.  C^im.  i.  7^ 
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look  I.    tained  to  weigh  neariy  nine  greini.    Botninegniinofcar- 

Pmwop  II'  bonic   add,  by  Lavoimer's  experimenti)   ooolttn  almost 

^       exactly  2*5  grainsof  carbon,  which  was  the  original  weight 

of  the  diamond**    Thos  Mr.  Tennant  aicertained,  that  the 

whole  of  the  diamond,  like  charcoal,  is  converted  by  cdm- 

busticm  into  carbonic  acid  gas. 

As  the  proportion  of  carbonic  add  formed  by  the  ^om^ 
bastion  of  diamond  is  very  nearly  the  same  according  to 
Tennant's  experiment,  as  what  would  have  been  yidded  by 
the  same  weight  of  good  charcoal;  it  ought  to  fidlow,  that 
diamond  and  charcoal  consist  both  of  exactly  the  sameeoiH 
stitnaits.  But  when  we  consider  the  very  diflerent  proper- 
ties of  the  two  substances,  we  fed  a  strong  repugnance  to 
embrace  this  condusion. 

Hie  experiments  of  Lavoiuer  were  repeated  in  1800  by 
Morveau;  but  his  experiments  were  inaccurate  as  wto 
aiierwards  admitted  by  himsdf ;  his  consequences,  of  course^ 
are  entitled  to  no  attention.  The  combustion  of  the  dia- 
mond in  oxygen  gas  was  repeated  in  1807,  with  every  re- 
quisite precaution,  by  Messrs.  'Allen  and  Pepys,  and  their 
results  agree  verv  nearly  with  those  of  Tennantf  It  has 
been  repeated  stiU  more  latdy  by  Sir  H.  Davy,  with  neariy 
the  sameresultf  It  seems,  therefore,  demonstrated  that 
the  diamond  and  charcoal  are  composed  of  every  nearly 
the  same  basis. 
Cbm1>u».  II.  When  charcoal  is  heated  to  about  800^  in  the  open 
tioQ  of  car«  ^  i^  becomes  red  hot,  and  continues  to  bom  (supposing  it 
pure)  till  it  is  wholly  consumed.  But  the  dr  in  which  the 
combusion  has  been  carried  on  has  dtered  its  properties 
very  considerably,  for  it  has  become  so  noxious  to  animals 
that  they  cannot  breathe  it  without  death.  If  small  pieces 
of  dry  diarcod  be  placed  upon  a  pedestal,  in  ft  glass  jar 
filled  with  oxygen  gas,  and  standing  over  mercury,  they 
may  be  kindled  by  means  of  a  burning  glass,  and  con- 
sumed. The  bulk  of  the  gas  is  not  sensiUy  altered  by  this 
combustion,  but  its  properties  are  greatly  changed.  A 
great  part  of  it  will  be  found  converted  into  a  new  gas  quite 
diffisrent  from  oxygen.  This  new  gas  is  easily  detected  by 
Ctebonie  letting  up  lime  water  into  the  jar :  the  lime  water  becomes 
^'^         mUky,  and  absorbs  and  condenses  all  the  new-fonned  gas. 

•  FhiL  Trsot.  1797,  p.  195.        f  Il»d.  1807.       %  ibid.  1814>  p.  657. 
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This  new  gas  has  received  the  nameof  carbonic  aad,  Mr.  Chap.  in. 
Lavoisier  ascertained,  "by  a  very  laborious  set  of  experi-  ^"V^ 
ments,  that  it  is  preckely  equal  in  wdght  to  the  charcoal 
and  oxygen  which  disappeared  during  the  combustion. 
Hence  he  concluded,  that  carbonic  acid  is  a  compound  of 
charcoal  and  oxygen,  and  that  the  combustion  of  charcoal 
is  nothing  else  than  its  combination  with  oxygen.* 

2.  As  oxygen  gas  may  be  converted  into  carbonic  acid  gas 
by  burning  charcoal  in  it  without  undergoing  any  change 
of  bulk ;  it  is  obvious  that  we  shall  obtain  the  quantity  of 
oorAon  contained  in  carbonic  acid  gas,  by  subtracting  the 
specific  gravity  of  oxygen  from  that  of  carbonic  acid.  By 
carbon  is  meant  the  pure  basis  of  charcoal,  free  from  all  the 
liydrogen  and  earthy  or  metallic  particles  which  charcoal 
usually  contains.  Now,  according  to  the  experiments  of 
Arago  and  Biot,  the  specific  gravity  of  carbonic  acid  gas  is 
l*5196.t  We  shall  consider  the  true  specific  gravity  as 
1*527,  which  difibrs  very  little  from  the  preceding  estima* 
tion.  The  specific  gravity  of  oxygen  gas  is  1  *1 1 1.  There- 
fore i^arbonic  acid  is  composed  of 

Oxygen   1-111 1-000 72-73 

Carbon    0*416 0-375 27*27 

10000 

5.  When  chlorine  is  passed  through  charcoal,  previously 
exposed  to  the  strongest  heat  that  can  be  raised  in  a  fiir- 
nace,  a  portion  of  it  is  converted  into  muriatic  acid.} 
Hence  it  follows  that  charcoal,  however  carefiilly  made, 
always  contains  a  small  portion  of  hydrogen  from  which  it 
cannot  be  freed  by  heat.  Davy  found  that  when  charcoal 
or  plumbago  were  burnt  in  dry  oxygen  gas,  there  was 
always  an  evident  deposition  of  moisture.}  Hence  it  is 
obvious  that  plumbago,  likewise,  contains  a  minute  quantity 
of  hydrogen  in  its  composition.  When  diamond  is  burnt 
nothing  is  formed  but  pure  carbonic  acid  gas.|| 

4.  When  a  mixture  of  equal  parts  of  iron  filings  and  Cwbonio 
chalk,  both  made  previously  as  dry  as  possible,  are  ex- 

*  Mem.  Pur.  1781,  p.  448.  t  Mem.  de  llnst.  1806,  p.  39a 

I  Gay-Lossac  and  Thenard.     Rechercbes  Pbysico-Chim.  ii.  98. 
(  Phil.  TraBt.1814,  p.  565.  ||  Davy,  Ibid. 
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Booki.  pofed  to  a  red  heat  in  an  iron  retort^  there  is  dieengaged  a 
Piwialoft  11.  gnat  quantity  of  gas,  consisting  partly  of  ciibonic  aeid, 
and  partly  of  a  species  of  heavy  inflammable  air«  When 
the  carbonic  acid  is  seporated  by  means  of  Ikne-water,  the 
inflammable  gas  is  obtained  in  a  state  of  great  pority.  It 
Was  first  procured  by  Dr.  Fl'iestley ;  but  far  oar  knowkdge 
of  its  constituents  and  iu  properties,  we  are  indebted  to  the 
ingenious  experiments  of  Mr.  Cmikshauks.  Qemcnt  and 
Desormes,  Morveau  and  B^tfaoUet,  examined  it  also  soon 
after  with  equal  address  and  success.  The  name  earbumc 
Qxidt  gas  has  been  given  it  by  chemists,  and  Cmikshanks 
has  shown  that  it  is  a  compound  of  oxygen  and  carbon. 

This  gas  possesses  the  mechanical  properties  of  air.  Its 
specific  gravity,  according  to  Cmikshanks,  is  0^56,  that  of 
air  being  1*000.  We  shall  consider  its  true  specific  gnh 
vity  as  0*972.  In  that  case  100  cubic  inches  of  it  will  weigh 
29*658  grains,  when  the  barometer  stands  at  50  inches  wd 
the  temperature  is  60^. 

It  bums  with  a  deep  blue  flame  and  gives  out  but  little 
light.  When  mixed  with  oxygen  gas,  and  an  electric  qwrk 
passed  through  the  mixture,  it  detonates :  100  measures  of 
it  require  for  complete  combustion  50  measures  of  oxygen 
gas,  and  the  product  is  100  measures  of  carbonic  acid  gas.* 
Hence  it  foIU>w8  that  it  contains  just  half  the  oxygen  that 
exists  in  the  same  volume  of  carbonic  acid  gas.  It  is  there^ 
fore  composed  of 

Oxygen 0-555 1-000 57*U 

Carbon    0-416 0-750 42*86 

If  we  compare  this  table  with  that  which  exhibits  the 
composition  of  carbonic  acid,  we  shall  find  that  the  con- 
stituents of  these  two  bodies  are  in  the  following  propor- 
tions: 

Carbon.    Ot^sen. 

Carbonic  oxide  composed  of.  . .  0  75  -I-  1 
Carbonic  acid 0-75  +  8 

If,  therefore,  one  denote  the  weight  of  an  atom  of  oxygen, 
0*75  will  be  the  weight  of  an  atom  of  carbon ;  and  carbonic 
oxide  will  be  a  compound  of  one  atom  carbon  +  one  atom 
oxygen,  and  carbonic  acid  of  one  atom  carbon  4-  two 
atoms  oxygen. 

*  Gay-LuMSC.    Mora.  d'Arcaeil,  ii.  SIS. 
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III.  Carbon  doe^  not  combine  with  chlorine ;  butchlo-  Chap.lIL 
rine  has  the  propertj  of  combining  with  carbonic  oxide,  ^"^v**^ 
and  of  forming  a  gaseous  compound,  which  has  received  the 
name  oi phosgene  gas.  It  was  discovered  by  Dr.  John  Davy, 
to  whom  we  are  indebted  for  every  thing  at  present  known 
respecting  its  properties.*  The  method  of  procuring  it  is 
as  follows. 

Into  a  glass  flask,  previously  exhausted  of  air  and  wdl  PhotgcM 
dried,  iiitroduce  equal  volumes  of  carbonic  oxide  and  ^* 
chlorine  gases,  both  well  dried  by  being  left  in  contact  with 
fused  chloride  of  caldum.  Expose  this  mixture  to  sunshine 
for  about  a  quarter  of  an  hour.  The  colour  of  the  chio** 
rine  disappears,  and  the  volume  of  tlie  mixture  diminishes 
one  half.     The  new  gas,  thus  formed,  is  pliosgeine  gas. 

It  is  colourless,  and  possesses  the  mechanical  properties 
of  common  air.  It  possesses  a  strong  smell,  which  has  been 
compared  to  what  would  be  produced  by  a  mixture  of  the 
odours  of  chlorine  and  ammonia.  It  is  more  disagreeable 
and  suffocating  than  that  of  chlorine,  and  affects  the  eyes  in 
a  peculiar  manner,  producing  a  rapid  flow  of  tears,  and 
occasioning  painfiil  sensations.  It  possesses  the  properties 
of  an  acid,  reddening  vegetable  blues,  and  combining  with, 
and  neutralizing,  four  times  its  volume  of  ammoniacal  gaa. 
When  tin,  zinc,  antimony,  or  arsenic,  are  heated  in  this 
gas,  they  decompose  it,  absorbing  the  chlorine  and  setting 
at  liberty  the  carbonic  oxide.  Water  decomposes  it^  and 
converts  it  into  muriatic  acid  and  carbonic  acid. 

As  it  is  composed  of  equal  volumes  of  chlorine  and  car- 
bonic oxide  gases,  reduced  to  half  their  original  bulk,  it  is 
obvious  that  its  specific  gravity  must  be  equal  to  that  of 
these  two  gases  united  together,  or  t^*4T2.  So  that  at  the 
temperature  of  60%  and  when  the  barometer  stands  at  SO 
inches,   100  cubic  inches  of  it  weigh  105*896  grains.    I^ 

constituents  by  weight,  are, 

« 

Chlorine 2-5       45 

Carbonic  oxide 0*972   1.75 

That  is  to  say,  of  one  atom  chlorine  and  one  atom  carbo- 
nic oxide.    Or  its  composition  may  be  thus  stated : 

*  PUl.TrA08.  1812,  p.  144. 


S98  SIMPLE  C01C8U8TIBLIS. 

Book  1.  Chlorine 4-6 

^^^^^  Oxygen 1-0 

Carbon 0*75 

Or  an  aUnn  of  carixm  united  to  an  atom  of  chlorine^  and 
an  atom  of  oxygen.  So  that  it  is  analogoos  to  caibonic 
acid.  Carbcmic  add  is  a  compound  of  one  atom  carbon, 
united  to  two  aton»  of  a  supporter.  Phosgene  gas  is  the 
same.  Only  there  are  two  distinct  supporters.  The  atom 
of  chlorine  in  it  replaces  one  of  the  atoms  of  oiygen  in  the 
carbonic  add.  The  term  ddonhcarbomc  addy  or  cUbnajf- 
carbcnic  acH  would  be  applied  to  it  with  greater  propiie^ 
than  phosgene  gas.  Of  theK  I  consider  the  first  to  be  die 
best. 

IV.  Carbon  has  not  the  pnipeity  of  combining  with  iodine. 
It  would  be  curious  to  know  whether  iodine  be  capaUe, 
like  chlorine^  of  unitingwitfa  carbonic  oxid^  and  of  forming 
todo'Carbonk  add.  Sir  H.  Davy  tried  the  experiment,  but 
could  not  succeed  in  forming  any  combination.* 

V.  Nothing  is  known  respecting  the  combination  of 
carbon  and  fluorine. 

VI.  Carbon  has  the  proper^  of  combining  with  aaote^ 
and  of  forming  a  curious  compound,  which  was  discovered 
by  Oay-Lussac  in  1815,  and  to  which  he  has  given  the 

cytodgoi.  name  otcyanogerLf  It  is  easily  obtained  by  exposing  dry 
prussiate  of  mercury  in  a  small  retort,  to  a  heat  rather  under 
redness :  the  salt  blackens,  and  a  gaseous  fluid  is  extricated 
in  abundance :  it  must  be  received  over  mercury.  This  gas 
is  cyanogen. 

This  gas  is  colourless,  and  possesses  the  mechanical 
properties  of  common  air.  Its  smell  is  quite  peculiar,  and 
excessively  strong  and  disagreeable.  Its  q>edfic  gravity  as 
determined  by  Gay-Lussac  is  1-8064.  I  am  disposed  to 
consider  1*8042  as  the  true  number.  On  that  supposition 
100  cubic  inches  of  it,  at  the  temperature  of  60%  and  when 
the  barometer  stands  at  SO  inches,  will  weigh  55.0SB  grains. 
It  is  inflammable,  and  burns  with  a  purplish  blue  flame.  It 
is  not  decomposed  by  exposure  to  a  red  heat.  Vi^ater 
dissolves  4|-  times  its  volume,  and  alcohol  23  times  its 
volume  of  this  gas.  It  reddens  tincture  of  litmus.  Phos- 
phorus, sulphur,  and  iodine,  may  be  volatilized  in  it  without 

•  Phil.  Tnuii.  1814,  p.  504.  f  Ann.  dt  Chim.  zcr.  ITS- 


alteration.     Potassium  bums  in  it  and  absorbs  it.    For  cbap.  IIL 
complete  combustion  it  requires  twice  its  volume  of  oxygen,  ^^v^ 
The  products  are  twice  its  volume  of  carbonic  acid,  and  its 
own  volume  of  azotic  gas.     Hence  it  is  obviously  composed 
of  two  volumes  carbon  and  one  volume  azote,  condensed 
into  one  volume,  or  by  weight  of 

Azote 0*9722   1*75 

Carbon  ....    0.832    0*75  x  2  =  1*5 

Or  of  two  atoms  of  carbon  united  to  one  atom  of  azote. 

VII.  Carbon  combines  ;vith  hydrogen  in  two  proportionsi 
and  forms  two  compoimds  which  have  received  the  names 
of  olefiant  gas  and  carbureted  hydrogen.  The  terms  hydrogUf 
ret  of  carbon^  and  bihydroguret  of  carborij  would  be  more 
systematic 

1.  Olefiant  gas  was  discovered  in  1796  by  the  associated  Olefiant 
Dutch  chemists  Bondt,  Dieman,  Van  Troostwick,  and*^ 
Lauwerenburg.*  Some  experiments  were  afterwards  made 
upon  it  by  Cruikshanks,  BerthoUet,  and  Dr.  Henry;  and 
its  composition  was  accurately  investigated  by  Mr.  Dalton. 
I  published  a  set  of  experiments  on  it  in  1811. f  About  the 
same  time  an  analysis  of  it  was  published  by  M.  Theodore 
de  Saussurcj: 

It  is  easily  obtained  by  mixing  together  in  a  retort  four, 
parts  of  sulphuric  acid,  and  one  part  of  alcohol,  and  apply- 
ing the  heat  of  a  lamp  while  the  beak  of  the  retort  it 
plunged  into  a  water  trough.  A  gas  comes  over  in  abun* 
dance,  which  may  be  received  in  glass  jars  inverted  over 
water. 

Olefiant  gas,  thus  prepared,  is  invisible,  and  possesses  the  Properties 
mechanical  properties  of  common  air.  It  is  destitute  both^  °^* 
of  taste  and  smell.  Its  specific  gravity,  according  to  my 
experiments,  is  0*9745  ;§  according  to  Saussure,  it  is  0*9852.  H 
From  theory  its  specific  gravity  should  be  0*974,  which 
almost  agreeing  with  my  determination,  I  shall  consider  as 
correct.     Heifce  at  the  temperature  of  60^,  and  when  the 

*  Their  Memoir  was  published  in  the  Jour,  de  Phys.  xlv.  178,  and  an 
abstract  of  it  in  the  Ann.  de  Chim.  xxi.  48. 

t  Memoirs  of  the  Wemerian  Natural  History  Society,  i.  504. 

X  Ann.  de  Chim.  Ixxvii.  57. 

§  Memoirs  of  the  Wemerian  Society^  i.  516. 

II  Ann.  de  Chim.  Ixzviii.  63. 
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Book  I.  barometer  stands  at  SO  inches,  100  cubic  inches  of  it  weigh 
Division  II.  2Q.'j2  grains.  This  gas  bums  with  greater  splendor  than 
any  other  known  gas,  and  detonates  very  loudly  when 
mixed  with  thrice  its  bulk  of  oxygen  gas^  and  an  electrical 
spark  is  passed  through  it  It  requires  for  its  colnplete 
combustion  three  times  its  rolume  of  oxygen  gas,  and  pro* 
duces,  when  burnt,  twice  its  volume  of  carbonic  acid  gas. 
The  only  otlier  product  is  water.  Now  two  of  the  tliree 
volumes  of  oxygen  gas  must  have  gone  to  the  formation  of 
carbonic  acid.  Tlie  remaining  volume  most  have  gone  to 
the  formation  of  water,  and  it  mudt  have  combined  witli  a 
quantity  of  hydrogen,. which  in  an  unoombined  state  Would 
have  amounted  to  two  volumes.  Hence  (supposing  each 
volume  to  be  a  cubic  inch)  olefiant  gas  is  composed  by 
weight  of 

Carbon       0*832    ....  0*75    ....  6  • . .  •  100 
Hydrogen  0*1388 .  •  • .  0*185  ....  1  • . .  •     16*66 

That  is  to  say,  it  is  composed  of  an  atom  of  carbon,  and 
an  atom  of  hydrogen,  united  together. 

Water,  according  to  the  'experimetits  of  Mr.  Dalton, 
absorbs  one  twelfth  of  its  bulk  of  olefiant  gas.*    According 
to  Saussure,  100  cubic  inches  of  water  absorb  15*S  cubic 
inches  of  olefiant  gas.t 
Chloric  2.  When  olefiant  gas  and  chlorine  gas  are  placed  in  con- 

tact with  each  other,  a  diminution  of  bulk  takes  place,  and 
a  liquid  substance  is  formed  which  has  somewhat  thd 
appearance  of  an  oil,  when  the  condentetion  takes  place 
over  water.  The  formation  of  this  substance  was  first 
observed  by  the  Dutch  chemists,  and  it  induced  them  to 
contrive  the  term  olefiant  gas  for  the  hydroguret  of  carbon. 
I  examined  this  compoimd  in  1810,  and  ascertained  that  it 
is  a  compound  of  olefiant  gas  and  chlorine. :{:  Its  properties 
and  composition  were  still  more  accurately  investigated  in 
1816,  by  M.  M.  Robiquet  and  Colin.§ 

It  is  formed  by  the  union  of  equal  volumes  oi  ehlorine 
and  olefiant  gas.  If  a  current  of  the  two  gases  from  sepa- 
rate vessels  meet  in  a  large  glass  globular  vessel,  they  com- 
bine and  form  the  liquid  in  question,  which  collects  at  the 

•  Phil.  Mag.  xiiv.  15.  f  Annals  of  Philosophy,  vi.  340. 

t  Memoirs  of  the  Wemerian  Society,  i.  51C. 
§  Ann.  de  Chim.  et  Phys.  i.  337,  and  ii.  206. 
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bottom  of  the  globe.  To  render  it  ptire  there  must  be  Chtp.  ill. 
rather  an  excess  of  defiant  gas.  When  there  is  an  excess 
of  chlorine,  the  liquid  absorbs  it»  acquires  a  greenish  colour 
and  acid  properties.  But  it  maj  be  rendered  pure  by  wash* 
ing  it  with  a  litde  water,  and  dien  distilling  it  off  dbloride 
of  calcium.  It  is  limpid  and  colourless  like  water,  has  an 
agreeable  smell  similar  to  that  of  muriatic  ether,  and  a 
peculiar,  sharps  sweetish,  agreeable  taste.  Its  specific 
gravity  at  45^  is  1*SS01,  the  specific  gravity  of  water  being  !• 
It  boils  at  158^.  At  the  temperature  of  49^,  its  vapour  is 
capable  of  soppcnrting  a  column  of  mercury  24*66  inches  in 
length.  The  specific  gravi^  of  this  vapour  is  3*4484,  that 
of  air  being  1  •  Now  the  specific  gravity  of  chlorine  and 
olefiant  gas,  added  together,  make  3*474.  Hence  it  is 
obvious  that  this  body  is  formed  by  a  volume  of  chlorine 
and  a  volume  of  olefiimt  gas,  condensed  each  into  half  its 
volume.    Hence  its  constituents  by  weight  arc^ 

Chlorine  ....  2*5        ....  4*5  ....  100 

Olefiant  gas  . .  0.974    . .  •  •  0.875  x  2  .  . .     38.88 

Hence  it  appears,  that  it  is  a  compound  of  one  atom  of 
chlorine,  and  two  atoms  of  olefiant  gas.  Or  its  composition 
may  be  stated  in  this  manner : 

Chlorine   1  atom    =  4*50   ....  18 

Carbon     2  atoms  =  1*50   ....     6 

Hydrogen 2  atoms  sr  0*25   ....     1 

This  liquid  burns  with  a  green  flame,  giving  out  copious 
fumes  of  muriatic  acid  and  much  soot  It  is  dcconqposed 
by  being  passed  through  a  red  hot  porcelain  tube,  and 
converted  into  muriatic  acid,  and  an  iniflamroable  gas,  con- 
taining hydrogen  and  carbon ;  while  a  copious  deposite  of 
charcoal  is  made  in  the  tube.  The  inflammable  gas  appears 
to  contain  no  other  contituent  but  carbon  and  hydrogen. 
The  liquid  is  decomposed,  likewise^  when  passed  through 
red-hot  oxide  of  copper. 

There  is  some  reason  for  believing  that  the  different 
substances  called  ethers  consist  of  olefiant  gas,  united  either 
to  water,  or  to  an  acid,  or  to  a  supporter  of  combustion. 
Supposing  this  opinion  wdl  founded,  the  liquid  just  de- 
scribed ought  to  be  called  chloiic  ether. 

3.  From  an  experiment  made  by  Sir  H.  Davy,  there  is 
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Book  1.    reason  to  suspect,  that  iodine  combines 'Witb  olefiant  gas. 
DwMion  II.  ^  iieddish  brown  volatile  fluid  was  formed  which  did  not 


possess  acid  properties.*  It  is  not  unlikely  that  this  liquid 
is  the  same  with  regard  to  hydriodic  ether,  that  chloric 
ether  is  to  muriatid  ethers  ' 
Carbureted  4.  Carbureted  hydrogen^  or  bihydrogurk  of  carbanf  the 
bydfogen.  ^^^  compound  of  hydrog^i  and  carbon,  is  a  gaseous  sub- 
stance which  exhales  in  hot  weather  from  stagnant  water, 
especially  ditdies  in  the  neighbourhood  of  towns.  This 
gas  was  examined  by  Dr.  Priestley  and  by  Mr.  Cruikshanks. 
But  it  was  Mr.  Dalton  who  first  determined  it^  composition 
with  accuracy.  I  published  a  set  of  experiments  on  it  in 
ISll.t 

It  may  be  collected  by  attaching  a  laige  glass  phial  to  a 
piece  of  wood,  so  that  it  shall  float  on  the  sur&ce  of  the 
stagnant  water,  with  its  month  just  under  the  surfiice.  Into 
this  mouth  should  be  fixed  a  fbnnel  (a  jneoe  of  stout  oiled 
paper  will  answer).  Fill  the  phial  with  water,  and  set  it 
afloat  with  its  mouth  undermost  Then  stir  the  mud  at  the 
bottom  of  the  pond  or  ditch.  Air  bubbles  rise  in  abund- 
ance, and  soon  fill  the  phial.  The  gas,  thus  collected,  should 
be  washed  with  a  solution  of  potash,  or  with  lime  water,  in 
order  to  separate  a  quantity  of  carbonic  acid  with  which  it 
is  mixed.  It  usually  contains,  also,  some  common  air.  But 
I  shall  suppose  it  pure  in  the  following  description. 

Carbureted  hydrogen,  thus  obtained,  is  colouriess,  and 
possesses  the  mechanical  properties  of  common  air.  It  has 
neither  taste  nor  smell.  Its  specific  gravity  is  0'555.  Hence 
at  the  temperature  of  60%  and  when  the  barometer  stands 
at  SO  inches,  100  cubic  inches  of  it  weigh  16*99  grains. 
When  a  jet  of  it  issuing  from  a  tube  is  kindled  in  the  open 
air,  it  bums  with  a  yellow  flame,  giving  out  a  good  deal  of 
light.  When  mixed  with  oxygen  gas,  and  when  an  dectri- 
cal  spark  is  passed  through  the  mixture,  it  detonates  witli 
considerable  violence.  It  does  not  bum  unless  the  bulk  of 
the  oxygen  rather  exceeds  its  own  bulk;  and  it  ceases  to 
bum  when  the  oxygen  is  more  than  2-^  times  its  own  bulk. 
If  we  mix  it  with  common  air,  it  burns  if  it  amounts  to  ^th 
of  the  air,  and  it  ceases  to  bum  if  it  exceeds  ^th  of  the  air, 

•  Phil.  Trans.  1814,  p.  504. 

f  Memoirs  of  the  Wemerian  Societj,  i.  506. 
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'In  all  proportions  between  these  two  extremes,  it  bums  with  Chap.  m. 
violence.  For  complete  combustion  it  requires  twice  its  ^*""V*^ 
volume  of  oxygen  gas,  and  produces  exactly  its  own  volume 
of  carbonic  acid  gas.  The  only  remaining  product  is  water. 
Now  it  is  obvious  that  one  half  of  the  oxygen  went  to  the 
jbrmation  of  carbonic  acid,  .and  the  other  half  to  the  forma- 
tion of  water.  This  last  portion  must  have  combined  with 
ft  quantity  of  hydrogen  which,  if  it  had  been  in  an  uncom- 
bined  state,  would  have  amounted  to  twice  the  volume  of  the 
original  gas.  Therefore  carbureted  hydrogen  is  ccnnposed 
by  weight  of 

Carbon  ....  0*416             ....  0*750  ....  3 

Hydrogen . .  0*0694  x  2    0*125  X  2   ....  1 

Henc^  it  is  evident  that,  in  this  compound  there  are 
united  one  atom  of  carbon  and  two  atoms  of  hydrogen.  It 
is,  therefore,  a  bihydroguret  of  carbon. 

The  gas  whidi  exhales  in  such  abundance  in  some  coal 
mines,  and  which  has  been  long  the  dread  of  miners,  imder 
the  name  t£Jire  dampj  is  pure  carbureted  hydrogen.  This 
was  ascertained  by  Dr.  Henry  in  1807;*  and  Sir  H.  Davy, 
who  repeated  his  experiments  in  1815,  came  to  the  same 
conclusion,  t 

5.  When  moist  charcoal,  wood,  pit-coal,  or  almost  any  Gas  from 
animal  or  vegetable  substance,  is  distilled  in  a  retort,  abund-  u!§J'*^.** 
ance  of  inflammable  gases  are  extricated.  They  differ  very 
much  in  their  specific  gravity,  in  the  colour  of  their  flame, 
and  in  the  quantity  of  oxygen  gas  which  they  require  for 
combustion,  according  to  the  degree  of  heat  applied,  the 
substance  distilled,  and  the  period  of  the  distillation  in 
which  the  gases  are  collected.  Many  experiments  have 
been  made  on  these  gases,  especially  by  Berthollet,  Henry, 
Dalton,  Saussure,  and  myself.  Hiey  seem  to  be  all  mix- 
tures of  two,  threes  or  four  gases,  according  to  circum- 
stances. These  gases  are  hydrogen^  bihydroguret  of  carbon^ 
carbomc:  oxide,  and  hydroguret  of  carbon.  On  that  account 
the  t«rm  oxycarbureted  hydrogen^  which  has  been  applied  to 
them  by  Berthollet  and  Saussure,  and  by  the  French  che- 
mists in  general,  does  not  seem  to  be  very  appropriate,  and 
is  altogeUier  unnecessary.     That  the  gases  in  question  are 

•  Nicholson's  Journal,  xix.  149.  f  P^l-  Trans.  1816,  p.  1. 
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Book  I.    mixtures  is  obvious  from  this  drcamstance^  that  you  never 

^'^'*^"."  ^^  ^^y  ^^^  ^^  them  exactly  like  one  another.  They  are 
^"^^"^^  perpetually  varying  in  their  uped&c  gravity,  and  in  the 
quantity  of  oxygen  necessary  to  consume  them.  Now  this 
could  not  be  die  case  if  they  were  true  chemical  compounds. 
From  pit-  The  gas  from  pit  coal,  which  is  now  employed  for  illo- 
<^*  minating  the  streets  and  for  lighting  manufacturesi  appears, 
from  the  experiments  of  Dr.  Henry,  to  consist  cl^y  of 
bihydroguret  of  carbon,  mixed  widi  some  hydroguret  of 
carbon,  and  probably  some  carbonic  oxide.*  Mr.  Mor- 
doch,  of  Birmingham,  was  the  person  who  first  thoii|^i  of 
this  very  useful  application  of  coal  gas. 
Affinity  of  6.  It  is  difficult  to  determine  whether  carbon  or  hydro- 
gen have  the  strongest  affinity  for  oa^gen.  Their  affinitjr 
for  each  other  interferes,  and  promotes  the  decompositKm  of 
those  bodies  to  which  they  are  applied.  When  red-hot 
charcoal  is  plunged  into  water,  the  liquid  is  decomposed ; 
but  bihydroguret  of  carbon  is  formed,  so  that  this  is  not  a 
case  of  the  simple  displacement  of  hydrogen  by  cari>on. 
Hydrogen  has  ihe  property  of  decomposing  carbonic  add 
gas  at  a  red  heat  But  in  this  case^  also,  the  [dienomena 
are  complicated ;  for  the  acid  is  notcompletdy  decoroposedf 
but  merely  reduced  to  carbonic  oxide.  The  opinion  at 
present  entertained  by  chemists  is,  that  hjrdrogen  has  a 
stronger  affinity  for  oxygen  than  carbon  has;  but  this 
opinion  is  not  supported  by  any  facts  that  can  be  considered 
a$  decisive. 


cmrbon  for 
oxygen. 


SECT.  Ill, 

OF  BORON. 


History.  The  saline  substance  called  borax  has  been  long  familiar 

to  European  artists,  being  employed  to  facilitate  the  fusion 
of  the  precious  metals,  and  in  the  formation  of  artificial 
imitations  of  the  precious  stones.  It  ^  comes  from  the  £ast 
Indies,  and  is  said  to  be  found  chiefly  in  certain  lakes  in 
Thibet  and  China.  The  word  korax  occurs  first  in  the 
writings  of  Geber,  an  Arabian  chemist  of  the  tenth  century* 

*  Nicholson's  Journal,  xi.  73. 
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In  the  year  1702,  Homberg,  by  distilling  a  mixture  of  Qu^p-in. 
borax  and  green  vitriol,  obtained  a  peculiar  substance  in  ^**v*^ 
small  white  shining  plates,  which  he  called  sedative  or  narcotic 
salty  and  which  was  considered  as  an  efficaceous  remedy  in 
continued  fevers.*  Lemery,  the  younger,  in  the  year  1727f 
found  that  this  substance  could  be  separated  from  borax  by 
the  mineral  acids.f  In  1781,  Geofroy  ascertained  that 
sedative  salt  gave  a  green  colour  to  the  flame  of  alcohol,  and 
that  borax  contains  in  it  the  same  alkaline  substance  that 
constitutes  the  basis  of  common  salt4  In  the  year  1752, 
Baron  demonstrated  by  satisiactor}'  experiments,  that  borax 
is  composed  of  sedative  salt  and  soda.§  Sedative  salt  was 
found  to  possess  the  properties  of  an  acid :  it  was  therefore 
called  borcaic  add.  But  the  composition  of  this  acid 
remained  altogether  unknown,  CreU,  indeed,  published  a 
set  of  experiments  on  it  in  the  year  1800,  in  which  he 
endeavoured  to  show,  that  its  basis  was  a  substance  very 
simUar  to  charcoal  in  its  properties.  ||  But  when  his  experi- 
ments were  repeated  by  Sir  H.  Davy,  they  did  not  succeed. 
Davy,  in  the  year  1807,  exposed  a  quantity  of  boracic  acid 
to  the  action  of  the  galvanic  battery,  and  observed  that  a 
black  matter  was  deposited  upon  the  negative  wire,  which  he 
considered  as  the  basis  of  this  acid,  but  he  did  not  prosecute 
the  discovery  fiurther  at  the  time.  In  the  summer  of  1808, 
MM.  Ghiy-Lussac  and  Hienard  succeeded  in  decomposing 
thb  acid  by  heating  it  in  a  copper  tube  along  with  potassium. 
They  examined  the  properties  of  its  base,  to  which  the  name 
of  boron  has  been  given,  and  published  a  detailed  account  of 
its  properties.**  Davy,  in  1809,  decomposed  the  add  by 
the  process  of  the  French  chemists,  and  published,  likewise^ 
an  account  of  the  properties  of  boron.ff  Boron  may  be 
obtained  by  the  following  process. 

1.  One  part  of  pure  boracic  acid,  previously  melted  and  Prepvi- 
reduced  to  powder,  is  to  be  mixed  with  two  parts  of  potas-  ^^' 
tium^  and  the  mixture  put  into  a  copper,  or  iron  tube,  and 

*  Histoirede  TAcad.  1708,  p.  M).  t  ^^^-  ^^^'  ^7^8»  P*  ^^S- 

\  Mem.  Par.  1739,  p.  398.  §  Savans  Etrangers,  ii.  418. 

II  Ann.  de  Chim.  xxxv.  80S.  **  Mem.  d'Arcueil,  ii.  311,  hxA 

afterwards  in  Rechercbes  Phjsioo^himiques,  i.  276. 

tf  PhiL  Tfwif .  1809. 

Xt  A  mecattic  bodj  to  bs  described  in  a  subfiequent  section  of  this 
chapter. 

5 


246 


SIMPLE   COMBUSTIBLES. 


Properties. 


Book  T.  gradually  heated  till  it  is  slightly  red,  and  kept  in  that  state 
Division  11.  gjj.  g^jjjg  minutes.  At  the  temperature  of  SOO*'  tlie  decom- 
position begins,  and  tlie  mixture  becomes  intensely  red  hot, 
as  may  be  perceived  by  making  the  experiment  in  a  glass 
tube.  When  the  tube  is  cold,  the  matter  in  it  is  to  be 
washed  out  with  water,  the  potash  formed  is  to  be  neutra* 
lized  with  muriatic  acid,  and  the  whole  thrown  upon  a  filter. 
The  boron  remains  upon  the  filter.  It  may  be  washed  and 
dried  in  a  moderate  hcat."^  Boron^  thus  prepared,  possesses 
the  following  properties.* 

2.  It  is  a  powder  of  an  olive  brown  colour,  without 
either  taste  or  smell.  In  close  vessels  it  may  be  exposed 
to  the  most  violent  heat  that  can  be  raised,  without  un- 
dergoing any  other  change,  except  an  increase  of  den- 
sity. When  first  prepared  it  does  not  sink  in  sulphuric 
acid  of  the  density  1  '844 ;  but  after  being  thus  exposed  to  a 
violent  heat,  it  sinks  rapidly  in  that  acid.  It  is  insoluble  in 
Mrater,  alcohol,  ether,  and  oils,  whether  cold  or  hot.  It  does 
not  decompose  water  even  when  heated  in  that  liquid  to  tlic 
temperature  of  176°.  Probably  at  a  red  heat  the  decompo- 
sition would  take  place.  Boron  is  a  non-conductor  of 
electricity. 

3.  Boron  is  not  altered  in  common  air,  or  oxygen  gas,  at 
the  ordinary  temperature  of  the  atmosphere;  but  when 
raised  to  a  heat  not  quite  so  high  as  600%  it  takes  fire  and 
burns  with  great  splendour,  absorbing  at  the  same  time 
oxygen.  By  this  combustion,  a  portion  of  the  boron  is 
converted  into  boracic  acid,  which  undergoing  fusion  coats 
the  boron,  and  keeping  it  fi*om  coming  in  contact  with  the 
oxygen,  puts  an  end  to  the  combustion.  If  this  boracic  acid 
be  washed  off,  the  boron  will  burn  again,  but  requires  a 
higher  temperature.  A  great  number  of  successive  combus- 
tions and  washings  are  requisite,  in  order  to  convert  the 
whole  of  the  boron  into  boracic  acid.  Several  experiments 
have  been  made  to  determine  the  quantity  of  oxygen  which 
combines  with  boron,  and  converts  it  into  boracic  acid  ;  but 


Boracic 
acid. 


*  A  better  way  of  obtaining  it  is  to  put  the  liquid  containing  the 
boron  into  a  glass  vessel,  to  allow  the  boron  to  subside,  and  then  to 
draw  off  the  liquid  with  a  syphon.  Water  is  then  to  be  poured  on,  the 
boron  allowed  to  subside,  and  the  liquid  again  drawn  off.  This  process 
is  repeated  till  the  water  comes  off  quite  dear.  The  boron  may  now  be 
put  into  a  glass  capsule,  and  dried  by  a  moderate  heat. 
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none  of  them  seem  entitled  to  much  confidence.    Gay*Lu9-  Chap,  iii 
Rac  and  Thenard  acidified  a  portion  of  boron  by  heating  it 
in>  nitric  acid.     Five  parts  of  boron,  by  this  process,  were 
converted  into  7*5  parts  of  boracic  acid.*     According  to 
this  statement,  boracic  acid  is  composed  of 

•  Boron     ....  100   2 

Oxygen  ....     50   1 

Bat  they  do  not  put  much  confidence  in  its  accuracy. 

Davy  found  that  when  SO  grains  of  potassium  were  con- 
verted into  potash  2*375  grains  of  boron  were  evolved. f 
Now  SO  grains  of  potassium  require  six  grains  of  oxygeii 
to  convert  them  into  potash.  If  we  suppose  the  whole  of 
this  to  have  been  in  combination  with  the  boron,  it  will 
follow  that  boracic  acid  is  composed  of 

Boron     2*S75  ....  2 
Oxygen  6         ....  5*05 

The  dificrence  between  this  and  the  preceding  result  is 
enormous.  But  it  is  obvious  that  this  mode  of  experimenting 
is  liable  to  great  uncertainty.  As  hydrogen  gas  is  given  out 
during  the  decomposition  of  the  boracic  acid  by  potassium, 
it  is  clear  that  all  the  oxygen  in  the  potash  was  not  derived 
from  the  decomposed  acid.  Besides  it  is  very  unlikely  that 
the  whole  of  the  boron  could  be  collected  and  weighed. 
Davy  found  that  one  grain  of  boron  when  converted  into 
boracic  acid  absorbed  5*125  cubic  indies  of  oxygen  gas. :|: 
Now  5*125  cubic  inches  of  oxygen  gas  weigh  1*74  grain. 
According  to  this  esUmate  boracic  acid  is  composed  of 

Boron    1        ....  2 
Oxygen  1*74  ....  S*48 

This  mode  of  experimenting  is  probably  better  than  the 
preceding,  but  the  experiment  was  made  on  so  small  a 
scale,  and  agrees  so  ill  with  the  two  others  just  stated,  that 
we  cannot  put  full  confidence  in  it. 

There   is  another  method  by  which  we  can  acquire 

*  Recherches  Pbysico-chimiques,  i.  307. 

t  Davy's  Lecture  od  some  new  Analytical  Resoarches  on  the  Nature 
of  certain  Bodies,  p/43.     Phil.  Trans.  1809. 
t  Ibid.  p.  44. 
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Book!,    tolerably  correct  ideas  respecting  the  proportioii  cf  the 
DiTisiottll.  constituents  of  this  acid.    Berzelius  ascertained  *  by  expe- 
^"^^"^'^  rimenty  that  boracic  add  and  ammonia  combine  widi  each 
other  in  the  portion  of 

Boracic  acid  37*95 

■ 

Ammonia      S0*32 

Now  the  weight  of  an  atom  of  ammonia  is  2*125|  and  in 
neutral  compounds  one  atom  of  ammonia  is  found  united 
to  one  atom  of  acid.  But  30*32  :  37*95  ::  2*125  :  2*66. 
So  that  2*66  represents  the  weight  of  an  atom  of  boracic 
add.  This  add  is  a  compound  of  boron  and  oxjga^  and 
it  must  consist  of  one  atom  boron»  united  dther  to  one  or 
to  two  atoms  of  oxygen.  From  the  observations  of  Davy 
there  is  reason  to  conclude  that  the  black  mattar  which  ap- 
pears when  boron  is  imperfectly  burnt  is  an  oxide  of  boron. 
In  that  case  boron  in  boracic  add  must  be  combined  with 
two  atoms  of  oxygen.  But  the  weight  of  two  atoms  of 
6xygen  is  two.  Therefore  boradc  add  must  be  composed  of 

Boron    0-66  ....  0*S9  ••••1 
Oxygen  2*00  ....  1*00  . . . .  S 

This  deduction,  which  is  probably  near  the  truth,  agrees 
best  with  the  first  experiment  of  Davy.  We  see  from  it 
that  the  weight  of  an  atom  of  boron  is  0*66.t  The  prin- 
dpal  source  of  uncertainty  is  the  difficult  of  making  a 
correct  analysis  of  borate  of  ammonia.  But  from  the  pre- 
cautions taken  by  Berzelius,  there  is  reason  to  believe  that 
the  error  must  be  inconsiderable. 
Chloride.  4.  When  boron  is  introduced  into  chlorine  gas,  it  takes 
fire  and  bums  with  a  brilliant  white  flame.  A  white  sub- 
stance coasts  the  vessel  in  which  the  experiment  is  mad^ 
and  the  boron  is  covered  with  a  white  substance  which 
by  washing  yields  boracic  acid.  %     It  is  probable  that  the 

*  AimaU  of  Philosophy;  iii.  57. 

t  From  the  composition  of  hydrate  of  boracic  acid  (wluch  will  bf 
given  when  treating  of  that  acid)  compared  with  that  of  borate  of  am- 
monia, there  is  reason  for  believing  that  the  true  weight  of  an  atom  of 
boracic  acid  is  £-875.    Hence  an  atom  of  boron  weighs  0*875,  and  bo- 
racic acid  is  composed  of 

Boron    0-875 100 

Oxygen  2*        2S8*57. 

i  Davy's  Lecture  on  some  new  Analytical  Researches  on. the  Natura 


BOBoir.  949 

substance  thus  formed  is  a  dUoride  of  boron.    Bat  it  has  not  Chip.  IIL 
hitherto  been  examined.  ^'^■N'"^ 

5.  We  do  not  know  whether  boron  be  capable  of  com- 
bining with  iodine;  no  experiments  having  been  hitherto 
made  on  the  subject. 

6.  Boron  has  the  prcqxerty  of  combming  with  fluorine^  Flaobork 
and  of  forming  with  it  a  powerful  acid  to  which  the  name  "^^ 
oifluoboric  add  has  been  ^ven.  It  was  discovered  by  Gby* 
Lussac  and  Thenard  in  1808,  who  published  a  detailed 
account  of  its  properties.*     Some  additional  fiicts  respect* 

ing  it  were  afterwards  published  by  Dr.  John  Davy.f    ft 
may  be  procured  by  the  following  process. 

Mix  together  in  a  retort  one  part  of  finely  pounded 
fused  boracie  acid,  two  parts  of  fluor  spar  in  powder,  and 
12  parts  of  sulphuric  add.  Apply  the  heat  of  a  lamp.  A 
gas  comes  over  which  must  be  collected  over  mercury.  It 
is  fluoboric  acid  gas.  For  this  process  we  are  indebted  to 
Dr.  John  Davy. 

Fluoboric  acid  thus  obtained  is  colourless,  and  possesses  Properties 
the  mechanical  properties  of  common  air.     Its  smell  is  si-  ^^* 
milar  to  that  of  muriatic  acid,  and  it  has  an  exceedingly 
acid  taste.    It  instantly  gives  a  red  colour  to  v^etable  blues. 
Its  specific  gravity,  as  determined  by  Dr.  Davy,  is  2*8709. 
Hence  at  the  temperature  of  60^,  and  when  the  barometer 
stands  at  SO  inches,  100  cubic  inches  of  it  weigh  72*3 If 
grains.     Water,  according  to  Dr.  Davy,  absorbs  700  times 
its  volume  of  this  gas.    The  liquid  thus  obtained  is  of  the 
specific  gravity  1'77.     Hence  it  follows  tliat  a  cubic  inch  of 
water  when  saturated  with  this  gas  is  expanded  to  1*697 
cubic  inch.     This  liquid  acid  has  a  certain  degree  of  vici- 
dity,  similar  to  that  of  sulphuric  acid ;  and,  like  it,  requires 
a  high  temperature  to  cause  it  to  boiL  It  smokes  at  first,  and 
gives  out  about  the  fifth  part  of  the  gas  which  it  con- 
tains, but  no  more,  when  heated;  like  sulphuric  acid  it 
chars  animal  and  vegetable  substances.    It  forms  also  an 
ether  when  distilled  with  alcohol.     It  combines  with  the 
di&rent  bases,  and  forms  salts  called  fluohorates.    It  may 

of  certain  Bodies,  p.  41,  Phil.  Trans.  1809.  Gay-Lassac,  and  Thenard 
afHrm  that  boron  does  not  barn  in  dry  chlorine  gas.  Recherches  phy* 
sico-chimiqiies,  i.  SOS.  Is  this  difference  to  be  ascribed  to  die  pi^sence 
of  water  in  Davy's  dilorine }    I  can  hardly  betiere  it. 

*  Mem.  d'Arcueil,  ii.  317.  And  Recherches  pbysico-diimiqaes,  ii.  37. 

t  Phil.  Trans.  1813,  p.  865. 
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Book  L    be  passed  over  red  hot  iron  without  undergoing  any  change^ 
Division  IL  jg^^  potassium  bums  in  it  and  appears  to  be  converted  into 
fluoride  of  potassiumi  while  boron  is  dis^igaged*    Sulphu- 
ric acid  has  •  the  property  of  absorbing  it  in  considerable 
quantities. 

?•  Pbvy  did  not  succeed  in  his  attempts  to  unite  boron 
with  azotic  ga&* 
Borareted  ^  3.  He  was  equally  unsuccessful  when  he  heated  boron  in 
v^s^'  hydrogen.  But  Omelin  appears  to  have  obtained  borureted 
hydrogen  gas  by  the  following  process.  He  mixed  toge- 
ther four  parts  of  iron  filings  and  one  part  of  boracic  acid» 
and  exposed  the  mixture  to  a  strong  heat  for  half  an  hour 
in  a  crucible.  The  fused  mass  was  dissolved  in  diluted  mu- 
riatic acid.  An  effervescence  took  places  and  borureted 
hydrogen  gas  was  extricated.f  This  gas  had  the  smell  of 
common  hydrogen  gas  from  iron,  mixed  with  somewhat  of 
the  smell  of  garlic.  When  kindled  it  burned  with  a  red* 
dish  yellow  flame  surrounded  by  a  green  border,  and  white 
fumes  made  their  appearance  in  the  vessel  in  which  the 
combustion  took  place.  These  were  the  only  characters 
by  which  die  prescaice  of  boron  was  indicated.  Gmelin 
neither  determined  the  specific  gravity  of  the  gas  nor  made 
an  analysis  of  it.  His  experiments  therefore  are  sufficient 
only  to  show  us  that  borureted  hydrogen  gas  may  be  formed. 
His  gas  seems  to  have  been  pure  hydrogen,  mixed  with 
only  a  small  proportion  of  borureted  hydrogen. 

9.  Boron,  as  far  as  we  know  at  present,  does  not  combine 
with  carbon. 
Union  with  10.  DescotilsJ  has  showu  that  it  combines  with  iron,  and 
his  experiments  have  been  verified  by  Gmelin.  §  Davy  has 
found  that  it  has  the  property  of  combining  with  potas- 
sium,  II  and  forming  a  grey  metallic  mass.  But  as  fiur  as 
the  experiment  has  been  hitherto  tried,  it  does  not  unite 
with  any  of  the  other  metals. 

11.  Its  affinity  for  oxygen  appears  to  be  greater  than 
either  that  of  hydrogen  or  carbon.  Accordingly  at  a  red 
heat  it  decomposes  water  and  carbonic  acid.  Indeed  it  has  a 
stronger  affinity  for  oxygen  than  any  of  the  acidifiable  bases, 

*  Davy's  Lecture  on  some  new  Analyticid  Researches  on  the  Nature 
of  certain  Bodies,  p.  42,  Phil.  Trans.  1809. 
t  Schweig<Ter*s  Journal,  xv.  246. 
X  Recherches  Phy&ico-chimiques,  i.  306. 
§  Schwcigger's  Jounial,  xv.  245.  ||  Davy,  ubi  supra,  p.  45- 
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unless  silicon  constitute  an  exception.    Accordingly. . it  i^  Chap.iH. 
parates  oxygen  from  all  of  them  when  a«siste4  by-a^uffih 
ciently  high  temperature.. 


SECT.  IV.  •! 

OF  SILICON.  .    »^ 

There  is  a  rock)  which  occurs  in  great  abundance  iil;thci  Hiftorj. 
primitiye  mountains^  sometimes  forming  immense  bed%  or 
even  whole  mountains :  sometimes  mixed  with  Other  stony: 
bodies,  as  in  granite.  This  rock  is  known  by  the  name  of 
quartz.  As  this  stone  and  several  others  whidi  resemble 
it,  2A  flinty  cakedanjfj  &c.  have  the  property  of  melting^ 
into  a  glass  when  strongly  heated  with  potash  or  soda,  they 
were  classed  together  by  mineralogists  under  the  name  ci 
vitrifiable  stones.  Mr.  Pott,  who  first  described  the  pro- 
perties, of  these  minerals  in  1746,  gave  them  the  name.<^ 
silidous  stones,  supposing  them  all  chiefly  composed  of  a 
peculiar  earth  called  siliceous  earth  or, silica.  This  earth 
was  known  to  Glauber,  who  describes  the  method  of  ob* 
taining  it  from  quartz.  But  it  was  long  before  its  proper^ 
ties  were  accurately  ascertained.  Geofiroy  endeavoured  to 
prove  that  it  might  be  converted  into  lime,*  and  Pott,t 
and  Baume,  %  that  it  might  be  converted  into  alumina : 
but  these  assertions  were  refuted  by  Cartheuser,  $  Scheele^l 
and  Bergman.**  To  this  last  chemist  we  are  indebted  fixr 
the  first  accurate  description  of  the  properties  of  silica.'\^ 

1.  Silica  is  the  most  common  ingredient  in  stony  bodies^  Silica. 
and  exists  in  them,  combined  with  various  earths  and  me- 
tallic oxides.  Mr.  Smithson  XX  suggested  that  in  these  ccmi- 
pounds  the  silica  performs  the  function  of  an  acid ;  an  opi- 
nion which  has  been  demonstrated  in  a  satisfactory,  man-^ 
ner  by  Berzelius.$$  It  is  easily  obtained  pure  by  fusing 
quartz  or  flint  with  twice  its  weight  of  potash  in  a  silver  • 
crucible,  dissolving  the  compound  formed  in  water,  super-. 

•  Mem.  Par.  1746,  p.  286.  t  lithogeogn.  p.  iii.  Preface. 

t  Man.  deChiui.  §  Miner.  Abb.  ||Schede,  i.  191. 

**  Sor  les  Terras  Geoponiques;  Opusc.  v«  59.      ff  Ibid.  ii.  S6. 
XX  Phil.  Trans.  1811,  p.  1T6. 

§§  Attempt  to  establish  a  pure  Scientific  System  of  Minerdlogy,  p. 
97  J  uiid  the  sequel.  <  ;, 
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Book  L    tatnmtiiig  the  liquid  with  mnriadc  acid,  and  evaporating  it 
y^'^'!*  slowly  to  dryness.    When  concentrated  to  a  certain  esctent, 
the  liquid  assumes  the  form  of  jelly.    The  dry  rendue  is  to 
be  well  washed  with  water  and  then  dried. 

It  is  a  white  powder,  without  taste  or  smell ;  but  feeling 
gritty  between  the  teeth.  It  is  not  sensibly  soluble  in  water, 
owing  to  its  great  cohesive  power.  But  when  the  com- 
pound of  silica  and  potash  is  dissolved  in  water,  and  di- 
faited  with  a  sufficient  quantity  of  that  liquid,  the  nlica 
cannot  be  precipitated  from  it  by  any  addition  of  add: 
showing  that  in  this  state  of  division  it  is  in  reality  soluble 
in  water. 
Deoompo-  8.  Sir  H.  Davy,  after  having  succeeded  in  decomposing 
'^^^  ^  the  fixed  alkalies  and  alkaline  earths  by  the  action  of  the 
galvanic  battery,  was  naturaUy  led  to  tiy  the  effects  of  the 
same  powerful  agent  upon  dlica.  But  his  experiments 
were  not  attended  with  success.*  But  the  analogy  betw€>en 
silica  and  other  bodies  containing  oxygen  is  so  great,  that 
it  was  universally  considered  as  a  compound  of  oxygen  and 
a  combustible  base.  Berzdius  succeeded  in  separating  this 
basis  firom  silica,  and  uniting  it  to  iron ;  f  and  his  experi- 
ments were  successfully  repeated  by  Professor  Stromeyer.^ 
About  the  end  of  181 S,  Sir  H.  Davy  succeeded  in  obtain- 
ing the  basis  of  silica  in  a  separate  state,  although  he  was 
not  able  to  collect  it  and  examine  its  prt^ierties  in  detail.  § 
The  base  of  silica  has  been  usually  considered  as  a  metal, 
and  called  silidum.  But  as  there  is  not  the  smallest  evi- 
dence for  its  metallic  nature,  and  as  it  bears  a  close  re- 
semblance to  boron  and  carbon,  it  is  better  to  class  it  along 
with  these  bodies,  and  to  give  it  the  name  of  silicon. 

8.  Davy  decomposed  silica,  by  passing  potassium  in  ex- 
cess through  it  in  a  platinum  tube.  The  potassium  was 
converted  into  potash,  through  which  was  scattered  the 
silkxm  under  the  form  of  a  dark-coloured  powder. 
Froperties  4.  Silicon  seems  capable  of  bearing  a  very  high  tem- 
perature without  undergoing  any  change.     In  this  respect 

•  Phil.  Trans.  1808. 

t  Afhandlingar  i  Fysik,  Kemi  och  Mineralogi,  iii,  117.    Published 
in  1810. 

t  Gilbert's  Annalen,  xxxTii.  385  and  xxxviii.  S«l.    Published  in  1811. 
§  Phil.  Trans.  1814,  p.  67. 
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it  resembles  boron  and  carbon.    Potash  seems  to  dissolve  Cbap.  IIL 
a  portion  of  it,  and  the  solution  acquires  an  olive  coloor.  \  "V"'"^ 
Silicon  has  the  property  of  decomposing  water,  and  of  beii^ 
converted  into  silica  when  it  comes  in  contact  with  that 
body.     Hence  it  was  impossible  to  wash  off  the  potash  and 
obtain  it  in  a  separate  state. 

5.  Silicon  r^dily  unites  with  oxygen,  and  is  converted  Compoti* 
into  silica.  The  object  of  the  experiments  of  Berzelias  and  ^^  ^ 
Strom^yer  was  to  determine  the  quantity  of  oxygen  whidi 
exists  in  silica.  They  mixed  together  iron  filings  firom  the 
purest  iron  that  could  be  procured,  silica,  and  charcoal,*  in 
the  proportions  of  S  ir^,  1*5  silica,  and  0.66  charcoal.  This 
mixture  was  put  into  a  covered  crucible,  and  exposed  for 
au  hour  to  the  greatest  heat  that  could  be  raised  in  a  blast 
furnace.  By  this  means  a  combination  of  iron,  silicon, 
and  carbon,  waa  formed.  It  was  in  the  state  of  globules 
that  had  undergone  complete  fusion.  Wh^i  fireed  fixMn 
the  charcoal  they  were  white  and  ductile,  unless  when 
they  contained  a  great  proportion  of  carbon.  When  di»> 
solved  in  muriatic  acid  they  gave  out  a  greater  proportion 
of  hydrogen  gas  than  the  same  weight  of  pure  iron  would 
have  furnished.  A  substance  remained  undissolved,  which 
retained  the  form  of  the  globules,  and  which  was  silica,  still 
mixed  with  some  iron  and  carbon,  from  which  it  was  sepa» 
rated  by  repeated  calcination  and  digestion  in  muriatic 
acid.  According  to  Stromqrer's.  experiments,  the  globules 
containing  most  silicon  were  composed  of 

Iron  85*5528 
SiUcon  9^679 
Carbon     5-S795 


100*0000 


and  the  globules  that  contained  the  least  silicon  where  com- 
posed of 

Iron        96-1780 

Silicon      2*2124 
Carbon     1*6096 


100*0000t 


*  Stromeyer  used  lamp  black  to  get  rid  of  the  alkali  wbiefa  disvpoal 
contains.  t  Oiltot^s  Annalen,  xzzviiL  330. 
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.  Book  I.  The  specific  gravity  of  the  iron  was  considerably  rediiced 
DivUkm  II,  ^  combining  it  with  silicon.  The  specific  graYity  of  the 
iron  employed  by  Stromeyer  was  7*8285.  The  specific 
gravity  of  the  alloy  was  never  higher  than  T'SS^l,  nor  lower 
than  6*7777.  Its  specific  gravity  was  inversely  as  the  pro- 
portion of  silicon  which  it  contained. 

There  could  be  no  doubt,  that  in  the  alloy  the  silicon 
existed  in  a  state  of  purity ;  but  when  the  componiid  was 
dissolved  in  tnuriatic  acid,  the  silicon  combined  with  otygen 
and  was  converted  into  silica.  Both  Berzelius  and  Stromeyer 
endeavoured  to  determine  the  quantity  of  oxygen  which 
unites  with  silicon,  and  converts  it -into  silica,  bydecom^ 
posing  a  given  weight  of  the  alloy,  and  then  weighing  eadi 
of  the  constituents  separatdy.  The  excess  of  weight  was 
considered  to  be  the  oxygen  which  had  united  with  the 
silicon.  This  method  would  answer,  if  these  experiments 
could  be  performed  with  rigid  accuracy.  But  where  an 
error  amounting  only  to  a  small  fraction  of  a  grain  would 
make  a  very  material  difierence  in  the  result,  it  is  impossible 
to  have  much  confidence  in  the  conclusions.  According  to 
the  experiments  of  Berzelius  silica  is  composed  of 

Silicon   ..  5^-66  to  52'25    53*455    ....  100 

'    Oxygen..  45-3'i  to  4775    ....  ^6'555   ....     8709 

100-00      lOO'OO  100000 

According  to  Stromeyer,  silica  is  composed  of 

Silicon    ....  46-0069    100 

Oxygen 53-9931    1174 

100-0000 

The  mean  of  these  two  sets  of  experiments  gives  us  silica 
composed  of 

Silicon    100 

Oxygen lOS-^l-S 

Davy  Ibund  that  more  than  three  parts  of  potassium  were 
required  to  decompose  one  part  of  silica.*  If  we  could  be 
certain,  that  the  whole  of  the  oxygen  that  converts  the  po* 
tassium  into  potash  is  derived  from  the  silica,  it  would  fol* 

•  Phil.  Trans.  1814,  p.  67. 
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low  from  this  experiment,  that  100  parts  of  silica  contain  at  Cbap.  ill. 
least  60  of  oxygen.  Upon  the  whole,  I  conceive,  that  at  ^-^^r-^ 
present  we  may  consider  silica  without  any  material  error, 
as  containing  exactly  half  its  weight  of  oxygen.  From  the 
analogy  of  carbonic  acid  and  boracic  acid,  it  is  not  improba- 
ble,  that  it  cdnsists  of  one  atom  of  silfcon  united  to  two 
atoms  of  oxygen^  In  that  case  an  atom  of  silicon'  would 
weigh  two.  Bat  the  natural  silicates-  point  out  twd  as  the 
weight  of  an  atom  of  silica.  Therefore  silica  must  contain 
only  one  atom  of  oxygen,  and  an  atom  of  silicon  can  Wejgn 
only  one. 

6.  Nothing  is  known  respecting  the  action  of  silicon  'on 
chlorine  and  iodine.  No  experiments  having  been  hitherto 
made  on  the  subject. 

7.  Silica  has  the  prc^rty  of  combining  with  fluorine^  Fluotilicio 
and  of  forming  a  compound,  which  has  received  the'  name  '^^^ 
otsilicated  fluoric  acid.     But  the  term  fluosilldc  acid  being 

more  systematic,  and  being  preferable  in  other  respects,  we  i 

shall  make  choice  of  It. 

Fluosilicic  acid  was  first  discovered  by  Scheele.*  It  was 
afterwards  obtained  in  the  gaseous  state  by  Dr.  Priestley, 
and  many  of  its  properties  investigatedLf  A  valuable  set  oS 
experiments  was  published  on  it  in  1812,  by  Or,  Jdm 
Davy.J 

To  obtain  this  gas  we  have  otily  to  put  a  mixture  of  equal 
quantities  of  pounded  fluor  spar  and  glass  into  a  retort,  and 
to  pour  over  it  sulphuric  acid  in  sufficient  quantity  to  con- 
vert the  whole  into  a  paste.  On  the  application  of  a  gentle 
heat,  the  gass  comes  over  in  abundance,  and  may  be  col- 
lected in  glass  jars  standing  over  mercury. 

Fluosilicic  acid  gas  is  colourless,  and  possesses  the  me-  propertin 
chanical  properties  of  common  air.  It  has  a  smell  similar  °^' 
to  muriatic  acid,  a  very  acid  taste,  and  occasions  a  white 
smoke  when  it  is  allowed  to  escape  into  tlie  atmosphere. 
It  changes  vegetable  blues  to  red.  No  animal  can  breathe 
it,  and  no  combustible  will  bum  in  it.  Its  specific  gravity 
OS  determined  by  the  experiments  of  Dr.  John  Davy  it 
3"5735.§     Hence  at  the  temperatiure  of  60°,  and  when  the 

*  Scheele's  Memoires  d«  Chimie,  i.  24.       f  Priestley  on  Air,  ii.  339^ 
t  Phil.  Xrans.  1812,  p.  352.  §  Phil.  Trans.  1812,  p.  354. 
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ffitr 

108*5)92  grains. 


DififioJil  '^"^""^^^  stands  at  SO  inches,  100  cubic  inches  of  it  weigh 


Dr.  John  Davy  found  that  water  was  capable  of  absorb* 
ing  263  times  its  bulk  ^  this  gas.  But  as  water  has  the 
property  of  decomposing  it  and  of  precipitating  silica,  this 
circumstance  doubtless  diminishes  the  action  of  the  liquid. 
From  other  circumstances,  he  concludes  that  water  absorbs 
as  much  of  this  gas  as  of  muriatic  acid  gas.  In  that  case 
water  will  be  o^Mtble  of  absorbing  515  times  its  bulk  of 
this  gas. 

Dr.  J.  Davy  analysed  this  gas  by  pasring  it  into  liquid 
ammonia,  which  has  the  property  of  throwing  down  the 
whole  of  the  silicon  that  it  contains  in  the  state  cf  silica. 
From  40  cubic  inches  of  the  gas,  he  procured  27*2  grains  of 
silica.  Now  40  cubic  inches  weigh  43*597  grains.  Hence 
he  concluded  that  the  gas  is  composed  of 

CompoM-  Silica    27*2       ....  62*4   ....  165*88 

•^-  Fluoric  add    ..  16*397   ....  37*6   ....  10000 

But  if  this  acid  be  a  compound  of  silicon  and  fluorine, 
as  has  been  rendered  probable  by  Sir  H.  Davy,  then  in 
order  to  have  its  composition,  we  must  subtract  the  ox- 
ygen from  the  silica,  atod  add  it  to  the  fluoric  acid,  in 
order  to  convert  it  into  fluorine.  The  acid  will  then  be 
composed  of 

Silicon 13-6       100 

Fluorine 29*997    2206 

If  the  weight  of  an  atom  of  silicon  be  a  little  less  than 
one,  and  that  of  fluorine  a  little  more  than  two,  as  is  pro- 
bably the  case,  it  will  follow  from  this  analysis,  that  fluo- 
silicic  acid  is  a  compound  of  one  atom  of  silicon  and  one 

atom  of  fluorine. 

When    fluosilicic    acid    gas    comes    in    contact    with 

water,  it  is  absorbed  by  that  liquid,  and  at  the  same 
time  deposites  a  portion  of  its  silicon  in  the  state  of 
silica.  From  the  experiments  of  Dr.  J.  Davy  it  ap- 
pears that  44  cubic  inches  of  the  gas  when  thus  ab- 
sorbed by  water  deposit  7'.'iS  grains  of  silica,  equiva^ 
lent  to  3*665  grains  of  silicon.     Now  44  cubic   inches 


PHOSPHORUS.  2^7 

of  fluosilidcadd  gas  weigh  47*956  grains,  and  must  be  com-  Chap.  in. 
posed  of 

Slioon 14*96 

Fluorine  ....  S2  996 


47-956 

■ 

Hence  the  acid  portion  absorbed  by  thewater  must  be  com- 
posed of 

Silicon    11*295   100 

_  • 

Flaorine     ....  32*996   292*1 

Which  perhiq[>s  may  be  two  atoms  of  silicon  united  to  three 
atoms  of  fluorine.  Bui  on  this  obscure  subject  nothing 
better  than  conjecture  can  be  at  present  offered. 


SECT.  V. 

OF  PHOSPHORUS. 

Phosphorus  may  be  procured  by  the  following  process :  Method  of 
Let  a  quantity  of  bones  be  burnt,  or,  ^  it  is  termed  in  che-  p^^l^ 
mistry,  calcined,  till  they  cease  to  smoke,  or  to  give  out  any  ras. 
odour,  and  let  them  afterwards  be  reduced  to  a  fine  powder. 
Put  100  parts  of  this  powder  into  a  bason  of  porcelain  or 
stoneware,  dilute  it  with  four  timeS  its  weight  of  water,  and 
then  add  gradually  (stirring  the  mixture  after  every  addi- 
tion) 40  parts  of  sulphuric  acid.    Tlie  mixture  becomes  hot, 
and  a  vast  number  of  air  bubbles  are  extricated.*     Leave 
the  mixture  in  this  state  for  24  hours;  taking  care  to  stir  it 
well  every  now  and  then  with  a  glass  or  porcelain  rod  to 
enable  the  acid  to  act  upon  the  powder.f 

The  whole  is  now  to  be  poured  on  a  filter  of  cloth ;  the 
liquid  which  runs  through  the  filter  is  to  be  received  in  a 
porcelain  bason;  and  the  white  powder  which  remains  on 
the  filter,  after  pure  water  has  been  poured  on  it  repeatedly, 
and  allowed  to  strain  into  the  porcelain  bason  below,  being 
of  no  use^  may  be  thrown  away. 

*  Thtt  cofudat  emistion  of  liivbabbles  is  called  in  dMmutrj  «fo- 
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Book  L        Into  the  liquid  contained  in  the  porcelaiA  hfiifOD^  which 
Division  II.  j^^  ^  y^jy  j^jjjj  iQjgif,^  nitrate  of  lead,*  dissolved  in  water,  i» 

to  be  poured  slowly;  a  white  powder  immediately  falls  to 
the  bottom :  the  nitrate  of  lead,  must  be  added  as  long  as 
any  of  this  powder  continues  to  be  formed.  Throw  the 
whole  upon  a  filter.  The  white  powder  which  remains  upon 
the  filter  is  to  be  well  washed,  allowed  to  dry,  and  then 
mixed  with  about  one-sixth  of  its  weight  of  charcoal  pow- 
der. Tliis  mixture  is  to  be  put  into  ah  earthenware  retort. 
The  retort  is  to  be  put  into  a  furnace,  and  the  beak  of  it 
plunged  into  a  vessel  of  water,  so  as  to  be  just  under  the 
surface.  Heat  is  now  to  be  applied  gradually  till  the  retort 
be  heated  to  whiteness.  A  vast  number  of  air*bubbles  issue 
from  the  beak  of  the  retort,  some  of  which  take  fire  when 
they  come  to  the  surface  of  the  water.  At  last  there  drops 
out  a  substance  which  has  the  appearance  of  melted  w^ix, 
and  which  congeals  under  the  water.  This  substance  is 
phosplwrm. 
History  of  It  was  accidently  discovered  by  Brandt,  a  chemist  of 
Hamburgh,  in  the  year  1669,+  as  he  was  attempting  to 
extract  from  human  urine  a  liquid  capable  of  converting 
silver  into  gold.  He  showed  a  specimen  of  it  to  Kunkel^  a 
German  chemist  of  ccJnsiderable  eminence,  who  mentioned 
the  fact  as  a  piece  of  news  to  one  Kraft,  a  friend  of  his  at 
Dresden.  Kraft  immediately  repaired  to  Hamburgh,  and 
purchased  the  secret  from  Brandt  for  200  dollars,  exacting 
from  him  at  the  same  tmic  a  promise  not  to  reveal  it  to  any 
other  person.  Soon  aftei,  l\c  exhibited  his  phosphorus 
publicly  in  Britain  and  France,  expecting  doubtless  that  it 
would  make  his  fortune.  Kunkcl,  who  had  mentioned  to 
Kraft  his  intention  of  getting  possession  of  the  process, 
being  vexed  at  the  treacherous  conduct  of  his  friend,  at- 
tempted to  discover  it  himself;  and  about  the  year  1674  he 
succeeded,  though  lie  only  knew  from  Brandt  that  urine 
was  the  substance  from  which  phosphorus  had  been  pro- 

•  A  salt  to  be  described  iii  a  subsequent  part  of  this  Work.  It  an- 
swers better  than  acetate  of  lead,  as  was  first  pointed  out  by  Giobert,and 
more  lately  by  Mr.  Hume.  See  Giobert's  process,  Ann.  de  Chim.  xii.  15. 
and  Phil.  Mag.  xx.  160. 

t  t^Qiuberg,  Mem.  Par.  x.  84.  An  account  of  it  is  published  io  t4ie 
Philosophical  Transactions  for  1681,  first  by  Sturinius,  and  theu  hj  Dr.. 
SI  are. 


its  disco- 
very 


^HOSPHOftUfl.  fS$ 

Ctif6d.*    Accordingly  be  is  always  reckoned,  and  deservedly  Chap.  Iil.^ 
too,  as  one  of  the  discoTerers  of  phosphorus. 

Boyle  likewise  discor^^  phosphorus.  Leibnitz  indeed 
affirms,  that  Kraft  taught  Boyle  the  whole  process,  and 
Kraft  declared  the  same  thing  to  Stahl.  But  surely  the 
assertion  of  a  dealer  in  secrets,  and  one  who  had  deceived 
his  own  friend,  on  which-  the  whole  of  this  story  is  founded, 
cannot  be  put  in  competition  with  the  affirmation  of  a  man 
like  Boyle,  who  was  not  only  one  of  the'  greatest  philoso** 
phers,  but  likewise  one  of  the  most  virtuous  men  of  his  age ; 
and  he  positively  assures  us,  that  he  made  the  discovery 
without  being  previously  acquainted  with  the  process.f 

Mr.  Boyle  revealed  the  process  to  his  assistant  Godfrey 
Hankwitz,  a  London  apothecary,  who  continued  for  many 
years  to  supply  all  Europe  with  phosphorus.  Hence  it  was 
known  to  chemists  by  the  name  of  English  phosphorus.'^ 
Other  chemists,  indeed,  had  attempted  to  produce  it,  but 
seemingly  without  success,}  till  in  1737  a  stranger  appeared 
in  Paris,  and  offered  to  make  phosphorus.  The  French 
government  granted  him  a  reward  for  communicating  his 
process.  Hellot,  Dufay,  Geoflroy,  and  Duhamel,  saw  him 
execute  it  with  success ;  and  Hellot  published  a  very  full 
account  of  it  in  the  Memoirs  of  the  French  Academy  for 
1737.  II 

It  consisted  in  evaporating  putrid  wrine  to  diyness,  heat- 
ing the  inspissated  residue  to  redness,^  washing  it  with  water 
to  extract  the  salts,  drying  it,  and  then  raising  it  gradually 
in  stoneware  retorts  to  the  greatest  intensity  of  heat.  It 
was  di^ustingly  tedious,  very  expensive,  and  yielded  but  a 
small  quantity  of  produce.  The  celebrated  Margraf,  who 
informs  us  that  he  had  devoted  himself  at  a  very  early  period 
.to  the  investigation  of  phosphorus,  soon  after  published  a 
much  more  expeditious  and  productive  process ;  for  the  first 
hint  of  which  he  was  indebted  to  Henkel.  It  consisted  in 
mixing  a  salt  consisting  chiefly  of  lead  with  the  inspissated 

*  This  is  Kcmkel's  own  account.  See  his  Laboratorium  Chymicutn, 
p.  660.  See  also  Wiegleb's  Geschich^c  des  Wachsthums  and  der  Erfin- 
dungen  in  der  Chemie,  vol.  i.  p.  41. 

t  Boyle's  WoAs  abridged  by  Shaw,  iii.  174. 

X  See  Hoffman's  experiments  on  it,  published  in  1722  in  bis  Obseirat. 
Phys.  Chym.  Select,  p.  804. 

S  StaM's  Fandainent.  Chym.  ii.  58.  ||  Mem.  Par.  1737,  p.  34^. 

s  2 
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Book?,  urine.  He  even  found  that  urine  contained  a  peculiar 
Division  11.  ^^m  which  yielded  phcMphorus  when  heated  with  charcoal.f 
^"*^^^"^  In  the  year  1 769,  Gahn,  a  Swedish  chemist,  discovered 
that  pho^horus  is  contained  in  bones ;  X  and  Scheele,  very 
soon  after,  invented  a  process  for  obtaining  it  finom  them. 
Phosphorus  is  now  generally  procured  in  that  manner. 
The  process  described  in  the  beginning  of  this  Section  is 
that  of  Fourcroy  and  Vauquelin.  The  usual  process  fol« 
lowed  by  manufiu:turers  of  phoqphonis  is  an  improvement 
on  that  of  Scheele. 

Soon  after  the  discovery  of  phosphorus,  many  ezperi- 
ments  on  it  were  made  by  Slare  and  Boyle.  Hoffibian  pub* 
lished  a  dissertation  on  it,  containing  some  curious  fixts,  in 
1722 ;  but  Margraf  was  the  first  wl^  investigated  its  efifecti 
upon  other  bodies,  and  the  nature  of  the  combinations  which 
it  forms.  The  subject  was  resumed  by  Pelletier,  and  con- 
tinued with  much  industry  and  success.  Lavoisier's  experi« 
ments  were  still  more  important,  and  con^tute  indeed  a 
memorable  era  in  chemical  science. 

Many  important  experiments  cm  phosphorus  have  been 
made  still  more  lately  by  Davy,  and  by  Gay-Lussac  and 
Thenard.  Thenard$  and  Vogel  ||  have  made  researdies  on 
the  red  powder  which  remains  when  phosphorus  is  burnt, 
and  upon  the  changes  produced  on  it  by  the  action  of  light. 
Dulong**  and  Berzcliusff  have  examined  its  combination 
with  oxygen;  while  I  have  made  some  experiments  on  the 
compounds  which  it  forms  with  hydrogen.:):|: 
Properties.  1.  Phosphorus  is  usually  of  a  light  amber  colour  and 
semi-transparent;  though  wh<^n  carefully  prepared  it  is 
nearly  colourless  and  transparent.}}  When  kept  some  time 
in  water,  it  becomes  opaque  externally,  and  then  has  a  great 

*  Known  at  that  time  by  the  name  of  fusible  salt  of  urine,  now  called 
phu!»pbate  of  ammonia. 

t  Miscel.  Berolin,  1740,  vi.  54.;  and  Mem.  Acad.  Berlin,  1740, 
p.  84;  and  Margrafs  Opsc.  i.  SO. 

I  Bergman's  Notes  on  Scheffer,  p.  308.    I  quote  the  edition  of  1796. 

§  Ann.  de  Chim.  xxxvi.  109.  ||  Ibid.  ulxt.  SS5. 

♦•  Ann.  de  Chhu.  et  Phys.  ii.  141.      ft  Ibid.  p.  151,  218,  sod  329. 

J  X  Annals  of  Phiiosopby,  viii.  87, 

§§  Tbenard  informs  us  tbat  when  melted  and  then  suddenly  cooled,  it 
becomes  quite  black. '  But  again  resumes  its  original  appearance  wlien 
kept  melted  for  a  short  time.  Ann.de  Chiro.lxxi.  p.  109.  There  serais  to 
have  been  something  peculiar  about  the  phosphorus  which  he  emplojrcd. 
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resemblance  to  white  wax.  '  Its  coosistenee  is  nearly  that  of  Chip.  in. 
wax.    It  may  be  cut  with  a  kiiif<^  or  twisted  to  pieces  with  ^"■^^/'— ^ 
the  fingers.    It  is  iniK>luble  in  water.    Its  mean  specific 
gravity  is  r770. 

2.  It  melts,  according  to  PeUetier,  when  heated  to  99^.^ 
In  my  trials  I  fomid  that  a  temperature  of  108^  was  requi- 
site to  produce  complete  fusion.  Care  must  be  taken  to 
keep  phosphorus  under  water  when  melted;  for  it  is  so  com- 
bustible, that  it  cannot  easily  be  melted  in  the  open  air  with- 
out taking  fire.  When*phosphorus  is  newly  pi^ared,  it  is 
always  dir^,  being  mixeid  with  a  quantity  of  charcoal  dust 
and  other  impurities.  These  impurities  may  be  separated 
by  melting  it  under  water,  and  then  squeezing  it  through  a 
piece  of  dean  shamois  leather.  It  may  be  formed  into  sticks, 
by  putting  it  into  a  glass  fiinnel  with  a  long  tube,  stopped  at 
the  bottom  with  a  cork,  and  plunging  the  whole  under  warm 
water.  The  phosphorus  melts,  and  assumes  the  shape  of 
the  tube.  When  cold,  it  may  be  easily  pushed  out  with  a 
bit  of  wood. 

If  air  be  excluded,  phosphorus  ^vapor^tes  at  219^,  and 
boils  at  554°.t 

3.  Posphorus  is  dissolved  in  a  small  proportion  by  alco- 
hol, ether,  and  oils.  The  solutions  are  transparent.  When 
the  alcohol  or  ether  is  mixed  with  water,  the  phosphorus  s<s 
parates  and  bums  on  the  surface  of  the  liquid.  When  the 
oily  solution  of  phosphorus  is  poured  upon  paper  and  car- 
ried into  a  dark  room,  it  shines  vividly,  provided  the  tem- 
perature be  above  60^.  But  ut  lower  temperatures  the  light 
is  scarcely  perceptible. 

4.  When  used  internally,  it  it  poisonous. :(    In  very  small  A  poison, 
quantities  (as  one  fourth  of  a  grain),  when  very  minutely 
divided,  it  is  said  by  Leroi  to  be  very  Edacious  in  restor- 
ing and  establishing  the  force  of  young  persons  exhausted 

by  sensual  indulgence;  $  that  is,  I  suppose,  in  exciting  the 
venereal  appetite. 

11.  Phosphorus   has  the  property  of  combining  with  Union  with 
oxygen  at  least  in  four  proportions,  and  of  forming  four  <»yK«. 
compounds,  which  have  received  the  following  names. 

•  Jour,  de  Phjs.  xxxv.  380.      f  Pell«ticr,  Jour,  dc  Phys.  xxi^v.  381. 
{  Ado.  do  Qibi.  xxrii.  87.  §  NicboUoo's  Jounwl,  iii.  85. 
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Book  I.  1.  Oxide  of  phosphorous. 

^;[J^''  «.  HypophotphorouB  acid, 

3.  Phosphorous  add* 

4.  Phosphoric  acid. 

Bums  1 .  When  phosphorus  is  exposed  to  the  atmospherei  it  emiu 

posed  uT'    a  white  smoke,  which  has  the  smell  of  garlic,  and  is  lumi- 
tbe  air.       nous  in  the  dark.    Hiis  smoke  is  more  abundant  the  Ugher 
the  temperature  is,  and  is  occasioned  by  tlie  gradual  com* 
bustion  of  the  phosphorus,  which  fi  last  disappears  alto- 
gether. 
Soluble  in       o.  When  a  bit  of  phosphorus  is  put  into  a  glass  jar  filled 
oxygen  gas.  ^.^^  oxygen  gas,  part  of  the  phosphorus  is  dissolved  by  the 
gas  at  the  temperature  of  60^ ;  but  the  phosphorus  does  not 
.    become  luminous  unless  its  temperature  be  raised  to  80^** 
Hence  we  learn,  that  phosphorus  burns  at  a  lower  tcmpe* 
rature  in  common  air  than  in  oxygen  gas.    This  slow  com- 
bustion of  phosphorus,  at  the  common  temperature  of  the 
atmosphere,  renders  it  necessary  to  keep  phosphorus  in 
phials  filled  with  water*    The  water  shoidd  be  preriously 
boiled  to  expel  a  little  air,  which  that  liquid  usually  con- 
twis.    The  phials  should  be  kept  in  a  dark  place;  for 
when  phosphorus  is  exposed  to  the  light,  it  soon  becomes 
of  a  white  colour,  which  gradually  changes  to  a  dark  brown. 
Converted       3.  When  heated  to  148%    phosphorus  takes  fire  and 
busUo?'     burns  witli  a  very  bright  flame,  and  gives  out  a  great  quan- 
tity of  white  smoke,  which  is  luminous  in  the  dark ;  at  the 
same  time  it  emits  an  odour  which  has  some  resemblance  to 
that  of  garlic.     It  leaves  no  residuum ;  but  the  white  smoke^ 
when  collected,  is  found  to  be  an  acid.     Stahl  considered 
this  acid  as  the  muriatic.     According  to  him,  pho^horus 
is  composed  of  muriatic  acid  and  phlogiston,  and  the  com- 
bustion of  it  is  merely  the  separation  of  phlogiston.     He 
even  declared   that,  to  make  phosphorus,  nothing  more 
is  necessary  than  to  combine  muriatic  acid  and  phlogiston.t 
These  assertions  having  gained  implicit  credit,  the  com- 
position and  nature  of  phosphorus  were  considered  as  com- 
pletely understood,   till  Margraf  of  Berlin  published  his 


•  Fourcroy  and  Vanquelin,  Ann.  de  Chim.  xxi.  196. 
t  Stahrs  Three  Hundred  Experiments. 


eitperimentfl  in  the  year  1740.    He  attempted  to  produce  chap.  in. 

pho«phoni8  by  combiiiiiig  together  phlogiston  and  muriatic  ^"-^v*-^ 

acid>  but  all  his  attempts  fiuled,  and  he  was  obliged  to 

give  up  the  combination  uM  impracticable.    On  examining  into  phos- 

the  acid  {Mroduced*  during  the  combustion  of  phosphorus,  '^^°"*^  **^*^' 

he  found  that  its  properties  were  very  different  from  those 

of  muriatic  acid.     It  was  therefore  a  distinct  substance.* 

The  natne ,cf  phosphoric  acid  was  given  to  it;  and  it  was 

concluded  tfairt  phosphorus  is  composed  of  this  acid  united 

to  phlogiston. 

But  it  was  observed  by  Margraf,  tliat  phoqf>faoric  add  is 
heavier  than  the  phosphorus  from  which  it  was  produced ; 
and  Boyle  had  long  before  shown  that  phosphorus  would 
not  bum  except  when  in  contact  with  air.  These  facts  were 
mifficient  to  pt^ve  the  inaccnraey  of  the  theory  cdncerning 
the  Composition  of  phosphorus;  but  they  remained  them< 
selves  unaccounted  for,  till  Lavoisier  published  those  cele- 
brated experiments  which  threw  so  much  light  on  the 
nature  and  composition  of  acids.t 

He  exhausted  a  glass  globe  of  air  by  means  of  an  air- 
pump  ;  and  after  weighing  it  accurately,  he  filled  it  with 
oxygen  gas,  and  introduced  into  it  100  grains  of  phos- 
phorus. The  globe  was  furnished  with  a  stop-cock,  by 
which  Oxygen  gas  could  be  admitted  at  pleasure.  He  set 
fire  to  the  phosphorus  by  means  of  a  burning  glass..  The 
combustion  was  extremely  rapid,  accompanied  by  a  bright 
flame  and  much  heat.  Large  quantities  of  white  flakes  at- 
tached themselves  to  the  inner  surface  of  the  globe,  and 
rendered  it  opaque ;  and  these  at  last  became  so  abundant, 
that  notwithstanding  the  constant  supply  of  oxygen  gas  the 
phosphorus  was  extinguished.  The  globe,  after  being 
allowed  to  cool,  was  again  weighed  before  it  was  opened. 
The  quantity  of  oxygen  employed  during  the  experiment 
was  asceitained,  and  the  phosphorus,  which  still  remained 
unchanged,  accurately  weighed.  The  white  flakes,  which 
were  nothing  else  than  pure  phosphoric  acid,  were  found 
exactly  equal  to  the  weights  of  the  phosphorus  and  oxygen 
wliich  had  disappeared  during  the  process.  Phosphoric  Which  is 
acid  therefore  must  have  been  formed  by  the  combination  ^bl^^"* 

of  these  two  bodies ;  for  the  absolute  weight  of  all  the  sub-  with  oxy- 
gen. 

•  MargraTs  Opusc.  i.  56.  f  Mem.  Par.  ITTS  and  1780. 
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JMkj.^^  siaiicef  together  was  the  Mine  after  the  piQoeikttbdbni  it.* 
JjKwomet  drew,  as  a  copdntiop>  fixnn  hia  eipetiBiima  tiiat 
phosphoric  add  is  composed  of  100  phoqphoms^  snd  IM 
parts  of  oagrgen.  But  his  mode  of  cxperimentiitt  was  not 
suflidently  precise  to  merit  coii6dciice.  -Rose  ndwroored 
to  obtain  more  accurate  lesolts  by  acidifying  phosphonis  by 
means  of  nitric  acid*  According  to  him  phoyhoric  acid  is 
composed  of  100  phoqihonis  and  114*75  oKygen«t  But 
this  mode  c^esperimenting  is  worse  than  that  employed  by 
Lavdsier.  I  ha^e  repeated  Rose's  eiqperiment  at  least  a 
dozen  of  timesi  and  no  two  results  coincided  widi-  eadi 
other.  But  there  is  another  method  by  wfaidi  we  can 
obtain  the  composition  of  this  add  widi  considsraUe  aocu- 
racy,  by  examining  the  composition  cf  the  neotral  aahs 
which  it  fiNrms  with  the  diffinent  faasesL  It  will  be  seen  in 
a  subsequent  part  of  this  work  that  the  numbers  whidi 
represent  the  weight  of  an  atom  of  CMh  of  the  fidlowii^ 
bodies  are 

Yellow  oxide  of  lead H 

Barytes • 9*76 

Soda 4 

Lime • S  "625 

From  the  analyses  of  Berzelius,  and  my  own  analyws,  it 
fidlows  that  the  neutral  salts  formed  of  these  bases  and  pboa* 
{dioric  add  are  composed  as  follows : 

Phoipbateoflead.  Pboqbtit  of  bujia. 

Acid..  100..     4*45  Acid..  100 4*54 

Base..  Si4..  14  Base..  214*46  ..  9*75 

Phoepbite  of  aoda.  Photphite  of  Hmeu* 

Add..  100... .4*57  Add..  100 4*55 

Base..    87*. ••4  Base..    80 5*685 

In  these  little  tables  the  number  above  the  wei{^  of  an 
atom  of  the  base  represents  the  weight  of  an  atom  of  phos- 
phoric acid.  Now  the  greatest  of  these  numbers  is  4*57t 
and  the  smallest  of  them  is  4*45.  The  mean  of  the  whole 
four  is  4*5279  which  must  be  very  nearly  the  true  wd^t  of 

*  Lavoisier's  Chemistiy,  Part  I.  chap.  v. 

t  Oehlso's  JoDznal  far  die  Cheiniei  Phjuk  nod  Miosnloi^  ii«  SOa. 
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an  atom  of  phosphoric  aci^.     We  shall  therefore  take  4*5  Chap.  III. 
as  representing  that  weight    It  will  appear  in  a  subsequent ""— v*^ 
part  of  this  section  that  V5  represents  the  weight  of  an  atom  StiST*^ 
of  phosphorus ;  therefore  phosphoric  acid  must  be  a  com- 
pound of 

Phosphorus  •••••.  1*5 100 

Oxygen S- 200 

Probably  the  reason  why  the  quantity  of  oxygoi  found 
experimentally  to  combine  with  phosphorus  is  so  small,  has 
been  that  the  whole  phosphorus  was  not  converted  into 
phosphoric  acid. 

4.  Phosphorous  acid  was  first  obtained  in  a  state  of  purity  Phospho- 
by  Sir  H.  Davy.  When  phosphorus  is  made  to  pass"**"*^*^ 
through  corrosive  sublimnte*  a  liquid  is  obtained  which  was 

first  discovered  by  Gay-Lussac  and  Thauurd,  and  which 
Davy  showed  to  be  a  protochloride  of  phosphorus.  When 
this  liquid  is  mixed  with  water  it  is  decomposed  and  con- 
verted into  muriatic  add  and  phosphorous  acid.  The  mu- 
riatic acid  is  driven  off  by  a  moderate  heat,  and  pure 
phosphorous  add  remains  behind,  combined .  with  some 
water.f  It  will  appear  in  a  subsequent  part  of  this  section 
that  phosphorous  add  is  composed  of  1*5  phosphorus  and 
2  oxygen.    Hence  its  constituents  are 

Phosphorus. 100 

Oxygen 1S3^ 

5.  Hypophosphorous  acid  was  discovered  in  1816  by  Du-  nype^ibm- 
long4    When  phosphorus  is  united  to  lime  or  harytes  it  Jj^j*** 
forms  a  well  known  compound  called  phospkuret  of  lime  or 
qfbaryteSf  which  will  be  described  hereafter.     When  these 
compounds  are  thrown  into  water  that  liquid  is  decomposed, 

two  acids  are  formed  by  the  combination  of  the  oxygen  of 
the  water  with  a  portion  of  the  phosphorus;  while  another 
porUon  of  the  phosphorus  unites  to  the  hydrogen  and  flies 
off  in  th#8tate  of  gas.  The  two  adds  are  the  phosphoric 
and  hypophosphorous,  both  of  which  combine  with  the 
lime  or  barytes,  forming  phosphate  and  hypophosphite  of  lime 

*  A  sabstanoe  which  will  be  described  in  a  sabseqnent  section, 
t  Phil.  Trans.  1812,  p.  407.         J  Ann.  de  Chim.  et  Phjfs.  iL  Ul. 


^ 
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.  Bodti.  orbtttytet.  Tb*fim«f  these  idto  iif  iaidttUt  ill  waMr; 
21' ta^  the  Mcond  duMdvtt  m  that  liqi^^  M.  IMottg  fnlt  a 
quanti^  of  phosphiwet  of  baiytet  int6  water*  iSke#  the 
•afohition  of  phoflphvratod  hydragn  gii- was  at  ill  end^  he 
filtered  the  liquid.  It  then  contained  a  quantity  of  hypo- 
phosphite  of  barytes  in  solution.  -  Into  this  sofaitioQ  he 
dropt  cautiously  sulphuric  add  as  long  as  any  pvedpitBte 
fisIL  By  this  means  he  threw  down  the  whole  of  the  bary- 
tas withpnt  adding  snycaxess  of  sdphvric  add*  OTkdcar 
liquid  being  decanted  off  connstsd  cf  a  sdQtioii  of  hypo- 
phosphorous  add  in  water.  Doki^  andeavoured  to  deter- 
mine the  composition  of  this  add  by  confertii^  it  faito 
phosphoric  add  by  the  action  of  oUoirine*  He  considers  it 
as  composed  of 

Phosphorus.  ••.••«.««  100 
Oxygen ...,.,    37*44 

fittt  his  method  does  not  seem  sosoepdble  of  much  precisibii, 
and  indeed  is  too  complicated  fer  eedotfaQr.  I  hav^  littfe 
doubt,  from  eiperiments  to  be  related  io  a  subseqotet  part 
of  this  section,  that  hypophotphorous  add  is  composed  of 

Phosphorus 1*5  •  •  •  •  • .  100 

Oxygen 1     •«,...     66*66 

Thus  the  three  acids  of  phosphoim  are  composed  as  follows : 

Phosphonis*  Oxygen. 

MypophosphoTousacid 1^5  ..•••••  •  1 

Fhosphorous'add  • « 1*5 . « 2 

Phosphpric  acid 1*5 S 

Or  the  first  consists  of  one  atom  phosphorus  united  to  one 
atom  oxygen;  the  second  of  one  atom  phoq^orus  united 
to  two.  atoms  oxygen ;  and  the  third  of  one  atom  phospho- 
rus united  to  three  atoms  oxygen. 

6.  Though  pure  phosphorus  does  not  take  fife  till  it  be 
heated  to  141^,  it  is  neverthdess  true,  that  we  meet  with 
phosphorus  which  bums  at  much  lower  temperatures.  The 
heat  of  the  hand  often  makes  it  bum  vividly ;  nay,  it  some- 
times takes  fire  when  merely  exposed  to  the  atmosphere.  In 
all  these  cases  the  phosphoms  has  undeigone  a  change.  It 
is  believed  at  present,  that  this  increase  of  combustibility  is 
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owing  to  a  small  quantity  cf  oxygen  with  which  the  phos-  Ch«p-  '^^j 
phorus  has  combiiied.  Hence,  in  this  state^  it  is  distin* 
guished  by  the  name  of  oxide  of'  phosphorus.  When  a  little  Oxide  of 
phosphorus  is  exposed  in  a  long  narrow  glass  tube  to  the  J^j^f ^**^  ' 
heat  of  boiling  water,  it  continues  moderately  linninoas, 
and  gcaduaHy  rises  up  in  the  state  of  a  white  vapour,  which 
lines  the  tubes.  This  vapour  is  the  oocide  of  phosphorus. 
This  oxide  has  the  appearance  of  fine  white  flakes,  whieh 
cohere  together,  and  is  more  bulky  than  the  original  phos^ 
phorus.  When  slightly  heated  it  takes  fire,  and  bumi 
brilliantly.  Exposed  to  the  air,  it  attracts  moisture  with 
avidity,  and  is  converted  into  an  acid  liquor.*  Whai  a 
little  phosphorus  is  thus  oxidized  in  a  small  tin  box  bf 
heating  it,  the  oxide  acquires  the  property  of  taking  fire 
when  exposed  to  the  air.  In  this  state  it  is  often  nsed  to 
light  candles  under  the  name  of  phosphoric  matches;  the 
phosphorus  being  sometimes  mixed  with  a  little  oil,  some* 
times  with  sulphur. 

When  phosphorus  is  long  acted  on  by  water,  it  is  covered 
at  last  with  a  white  crust,  which  is  also  considered  as  an 
oxide  of  phosphorus;  but  it  differs  considerably  from  the 
oxide  just  described.  It  is  brittle,  less  fiis^ble,  and  much 
less  combustil^  than  phosphorus  itselff  Phosphorus, 
when  newly  prepared,  usually  contains  some  of  this  last 
oxide  of  phosphorus  mixed  with  it;  but  it  may  be  easily 
separated  by  plunging  the  mass  into  water  heated  to  about 
100^.  The  phosphorus  melts,  while  the  oxide  remains 
unchanged,  and  swims  upon  the  surface  of  the  melted  phos* 
phorus. 

The  red  substance  formed  when  phoi^horus  bums  in  a 
confined  place,  and  which  remains  behind  after  combustion 
in  glass  jars,  is  also  considered  as  aii  oxide  of  phosphoms. 
All  these  bodies  contain  very  little  oxygen.  I  have  endea- 
voured to  determine  the  proportion,  but  my  attempts  were 
liot  attended  with  success. 

III.  Phosphorus  has  the  property  of  uniting  in  two  pro^  Union  with 
portions  with  chlorine,  and  of  forming  two  compounds,  ^^^o'*"** 
which  have  received  the    names  of  protochioride  and  per-' 
chloride  of  phosphorus.^ 

♦  Steinacher,  Ann.  d«  Chim.  xlvii.  104.  f  Ihid. 

I  Sir  H»  Davy  has  ^iveo  to  these  bodies  the  names  of  photpkorMne 
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Book  I.        1.  When  phosphorus  is  introduced  into  chlorine  gas  it 

V  ^^^  I  takes  fire  and  bums  with  a  pale  bluish  white  flame,  giving 

Fffocochlo-  ^^^  ^^^  \\V\^  light.     A  white  matter  sublimes  and  coats  the 

fi<ie.  inside  of  the  glass  vessel.    If  the  quantity  of  phosphorus  be 

considerable  there  is  formed  at  the  same  time  towards  the 

end  of  the  combustion  a  small  quantity  of  liquid*.    The 

combustion  of  phosphorus  in  chlorine  had  been  repeated  a 

great  number  of  times  by  alniost  every  chemist  ever  since 

the  discovery  of  chlorine  gas.    But  nobody .  thought  ofex« 

amining  the  nature  of  the  products  till  Sir  H.  Davy  advanced 

the  theory  that  chlorine  is  a  simple  body. 

2.  The  protocUcride  of  phosphorus  was  first  prepared  in 

Siantities,  and  examined  by  ^ay-Lussac  and  Thenard.* 
nt  Davy  first  ascertained  its  constituent  parts^f  It  is 
easily  obtained  by  passing  phosphorus  through  corraave  suIh 
Umate  heated  in  a  glass  or  porcelain  tube.  The- method  is 
to  take  ^  glass  tube  shut  at  one  end,  to  put  into  its  bottom  a 
quantity  of  phosphorus,  and  then  to  fill  up  a  considerable 
part  of  the  tube  with  corrosive  sublimate.  Heat  the  por- 
tion of  the  tube  containing  the  sublimate ;  then,  by  apply- 
ing a  few  bits  of  red  hot  charcoal  to  the  extremity  c^  the 
tube,  cause  the  phosphorus  to  pass  in  vapour  through  the 
sublimate.  A  bent  tube  must  be  luted  to  the  oQier  ex- 
tremity of  the  glass  tube,  which  must  .pass  into  a 
proper  receiver,  A  liquid  collects  in  this  receiver,  which  is 
theprotochhride  of  phosphorus. 

This  liquid  is  colourless  like  water,  smokes  strongly  when 
it  comes  into  the  atmosphere,  and  has  an  acid  and  very 
caustic  taste.  Its  specific  gravity  is  1*454  I^  '^'^y  ^  ^^P^ 
in  close  vessels  without  alteration.  But  in  the  open  air  it  is 
speedily  dissipated,  leaving  behind  it  a  quantity  of  pho^ho- 
rus.  It  has  the  property  of  dissolving  phosphorus.  When 
paper  is  dipped  into  this  solution  and  exposed  to  the  air  it 
speedily  evaporates,  leaving  a  quantity  of  phosphorus  which 
soon  takes  fire  and  bums  the  paper.  It  was  in  this  state 
that  it  was  first  obtained  by  Gay-Lussac  and  Thenard. 
"When  dropped  into  water  it  is  converted  into  muriatic  and 

and  phasphorana.    But  his  nomenclature  has  not  been  adopted  by  cha* 
mists.    See  Phil.  Trans.  1819,  p.  412. 

*  Recherches  Physico-chimiques,  ii  98,  176. 

t  PhU.  Trans.  1812,  p.  406.  J  Pavy.  Ibid. 
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phosphorous  acids.  This  liquid  by  evaporation  furnishes  a  Chap.  IIL 
thick  fluid,  which  ciystallizes  on  cooling  and  forms  trans*  ^^"-v*^ 
parent  parallelopipedons.  These  crystals  are  compounds 
of  phosphorous  acid  and  water.  When  these  crystals  are 
distilled  in  close  vessels  they  give  out  a  gas  which  is  a  com- 
pound of  hydrogen  and  pliosphorus;  and  which  may  be 
called  bihidroguret  of  phospkonis.  Phosphoric  acid  remains 
behind  in  the  retort.  From  Davy's  experiments  it  follows^ 
that  these  crystals  are  composed  of  4  parts  phosphorous  acid 
and  1  part  of  water.*  He  endeavoured  to  ascertain  the 
composition  of  protochloride  of  phosphorus  by  dissolving 
a  given  quantity  of  it  in  water,  and  throwing  down  the 
muriatic  acid  formed  by  means  of  nitrate  of  silver.  13*6 
grains  of  protochloride  treated  in  this  way  gave  43  grains  of 
horn  silver.f  Now  43  grains  of  horn  silver  contain  10*62 
grains  of  chlorine.  Hence  the  protochloride  is  composed 
of 

Chlorine 10*62 5*34 4*5 

Phosphorus . . .  •     2*98 1*5    1*26 

This  analysis  shows  us  that  the  protochloride  is  a  compound 
of  1  atom  chlorine  and  1  atom  phosphorus.  But  the  numbers 
which  we  have  fixed  upon  for  the  weight  of  an  atom  of 
chlorine  (4*5)  and  of  phosphorus  (1*5)  do  not  correspond 
well  with  the  experiment  of  Davy.  Had  the  quantity  of 
horn  silver  been  only  41-^  instead  of  43  grains,  the  experi- 
ment would  have  tallied  exactly  with  our  numbers.  Now 
this  is  an  error  that  might  have  been  easily  committed  in  an 
experiment  made  upon  so  small  a  scale. 

3.  The  perchloride  of  phosphorus  may  be  formed  bypfcrchlo* 
burning  phosphorus  in  dry  chlorine  gas,  in  the  proportion  "^* 
of  one  grain  of  the  former  to  about  12  cubic  inches  of  the 
latter.  It  is  a  snow-white  substance,  exceedingly  volatile, 
rising  at  a  temperature  below  that  of  boiling  water.  Under 
pressure  it  may  be  fused,  and  then  crystallizes  in  prisms  tl\at 
ai^  transpai'ent.  When  thrown  into  water  it  acts  with 
great  violence,  the  water  is  decomposed,  and  phosphoric 
acid  and  muriatic  acid  formed.  It  seems  to  possess  acid 
properties,  for  its  vapour  reddens  paper  stained  blue  with 
litmus,  and  bums  when  lighted  in  the  open  air.  When 
passed  through  a  red  hot  tube  with  oxygen  gas  it  is  de- 

•  Dsvy,Pbil.  Trans.  181S;  p.  408.  f  Ihid.  p.  40r. 
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Book  I.  composed,  phosphoric  acid  being  formed  and  chlorine  did-* 
DivisionIL  ^j^^g^g^^  From  the  experiments  of  Davy,  to  whom  we  are 
indebted  for  all  the  precedmg  facts,  it  follows  that  1*5  graui 
of  phosphorus,  when  converted  into  percliloride,  oombinea 
with  10  grains  of  chlorine.*  Hence  we  see  diat  it  is  a 
compound  of  1  atonl  phosphorus  and  2  atoms  dilorine. 
If  our  numbers  for  the  weight  of  an  atom  of  phoqpbonis 
(1*5)  and  of  chlorine  (4*5)  be  accurate,  then  it  ought  to  be 

a  compound  of 

Phosphorus  1*5 

Gilorine  .  •  4*5  x  3  s  9 

Now  this  differs  but  little  from  tlie  results  obtained  by 
Pavy. 
Union  with     IV^-  Phosphorus  has  the  property  6f  combiuing  in  two 
iodine.       proportions  with  iodine,  and  of  forming  two  compounds, 
which  may  be  called  protiodide  of  phosphonis  and  periodide 
of  pkospliorus.     These  substances  were  first  mentioned  by 
Sir  H.  Davy ;  f  but  for  tlie  first  accurate  examination  of 
them  we  are  indebted  to  Gay-Lussacf 
Protiodide.      1«  When  one  part  of  phosphorus  and  10*41  parts  of 
iodine  are  mixed  together  in  a  thin  glass  tube  they  unite 
with  great  rapidity,   producing  much  heat  but  no  light. 
The  compound  is  a  solid  body  of  a  reddish  brown  colour. 
It  melts  at  212^  and  is  volatilized  when  the  temperature  is 
raised  somewhat  higher.     When  thrown  into  water  it  dis- 
solves, and  is  converted  into  hydriodic  acid  and  phosphorous 
acid.§     This  compound  is  obviously  composed  of 

Phosphorus    1         1*5 

Iodine  ....  lO-i'l   15*625 

Or  of  one  atom  of  phosphorus  and  one  atom  iodine.  It  is 
tlierefore  si  protiodide  of  phosphorus, 
Periodide.  2.  When  1  part  of  phosphorus  and  20*82  parts  of 
iodine  are  mixed  to<j;cthcr,  they  combine  likei^'ise  with  vio- 
lence and  the  evolution  of  a  great  deal  of  heat.  The  com- 
pound formed  is  black,  and  melts  at  the  temperature  of  1 15°» 

•  Phil.  Trans.  1812,  p.  406.  f  Ibid.  1814,  p.  79. 

X  Ann.  (I«  Chim.  xci.  p.  9. 

§  Gay-Lussac's  propurtions  are  1  pliosphorus  and  8  iodine.  Bot  this 
is  too  small  a  propurlion  oi*  iodine,  as  I  tind  by  experiment.  To  this  I 
ascribe  the  phosphureted  hydrogen  gas  which  exhaled  in  fais^xpeni2iezit&» 

1 


PHbSPBOBUi»    *  T!t 

It  dissolves  in  water  with  gicftt  heat,  but  the  sglutioiiiiBUidly  Clmp.  UI. 
has  a  dark  colour;  owing,  I  beliere,  to  the  whole  of  :llie  ^*"'■^r'^ 
phosphorus  not  entering  into  combination.  The  con* 
sequence  is  an  excess  of  iodine  which  is  dissolved  by  the 
hydriodic  acid  formed*  For,  in  my  trials,  there. alwayi 
remained  a  small  portion  of  phosphorus  nndltoolYed  after 
the  action  of  the  water*  This  compound,  supposing  it  in 
the  proportions  abore  stated,  is  composed  of 

Phosphorus  1       1*5 

Iodine  . . .  20-82 15*625  X  2  =  31-25 

Or  it  is  composed  of  1  atom  phosphorus  united  to  2  atoms  ^ 
iodine. 

V.  Nothing  is  known  respecting  the  combination  of 
phosphorus  and  fluorine* 

VI.  Phosphorus  plunged  into  azotic  gas  is  dissolved  in  Soluble  ia 
a  small  proportion.    Its  bulk  is  increased  about  Vtt  ^*  ^^^  ^^^^' 
phosphureted  azotic  gas  is  the  result.     When  this  gas  ia 
mixed  with  oxygen  gas,  it  becomes  luminous,   in  conse- 
quence of  the  combustion  of  the  dissolved  phosphorus. 

The  combustion  is  most  rapid  when  bubbles  of  phosphu- 
reted azotic  gas  are  let  up  into  a  jar  full  of  oxygen  gas. 
When  phosphureted  oxygen  gas,  and  phosphureted,  azotic 
gas,  are  mixed  together,  no  light  is  produced,  even  at  the 
temperature  of  82°.f 

VII.  Phosphorus  combines  with  hydrogen  in  two  jiro* 
portions  and  forms,  two  gaseous  compounds  which  have 
received  the  names  of  phosphureted  hydrogerfsnd  hydrophos- 
pkoric  gas.  But  the  terms  hydroguret  of  pfiosphorus  and 
bikydroguret  of  phosphorus  would  be  more  systematic* 

1.  Phosphureted  hydrogen  gas,  the  first  of  these  com*  Hydrogu- 
pounds,  was  discovered  in  1783  by  M.  Gengembre,  while  "^ 
heating  a  mixture  of  liquid  potash  and  phosphorus  in  a 
small  retort  He  made  some  experiments  on  this  remark- 
able gas,  and  published  an  account  of  its  properties,  j: 
Some  experiments  were  made  upon  it  in  1786  by  Mr. 
Kirwan,$  who  discovered  it  without  being  aware  that  it 
had  been  already  made  known  to  diemists  by  M.  Gengem- 

♦  Berthollet.        \  Fourcroy  and  Vauquelin,  Ann.  de  Chim.  xxi*  199. 
X  Memoires  des  Savaos  £tjraogers,  x.  651. 

§  Fbil  TrtDs.  xrm,  p,  iia 
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Book  I.  bre  In  1791|  M.  Raymoiid  pointechout  a  method  rf  pre^ 
y^**°° '^  paring  it  in  greater  quantities  by  heating  a  mixture  of 
phosphorus  and  quicklime.*  And,  in  1799^  he  dcwribed 
the  properties  of  a  solution  of  this  gas  in  water.f  Mr. 
Dalton,  in  his  New  System  of  Chemical  Philasopkjf,  pub- 
lished in  1810,  gives  an  account  of  a  set  df  eiperimentB  to 
which  he  subjected  it  in  order  to  determine  its  nature  and 
composition.^  And,  in  1616,  I  published  a  set  of  expe- 
riments which  I  had  made  on  it  $ 

2.  Phosphureted  hydrogen  may  be  obtained  pure  by  the 
following  process :  Fill  a  small  retort  with  water,  acidulated 
by  muriatic  acid,  and  then  throw  into  it  a  quantity  of  phos- 
phuret  of  lime  in  lumps.  Plunge  the  hak  of  the  retort 
under  water,  and  place  over  it  an  inverted  jar  filled  with 
that  liquid*  Phosphureted  hydrogen  gas  is  extricated  in 
considerable  quantity  and  soon  fills  the  glass  jar.  Half  an 
an  ounce  of  phosphuret  of  lime  yidds  about  70  cubic  inches 
of  this  gas. 

3.  Phosphureted  hydrogen  gas  is  cclouxless  and  pos- 
sesses the  mechanical  properties  of  air.  It  has  a  smeQ 
similar  to  that  of  onions,  and  an  exceedingly  bitter  taste. 
It  may  be  kept  in  pure  water  without  alteration ;  but  ia 
water  containing  common  air  it  soon  loses  a  portion  <^  its 
phosphorus,  and  its  properties  are  altered  in  consequence. 
Its  specific  gravity  is  0*9022.  Hence  at  the  temperature  of 
60^,  and  when  the  barometer  stands  at  30  inches,  100  cubic 
inches  of  it  weigh  27*51 7  grains. 

When  electric  sparks  are  passed  throng^  this  gas  for 
some  time  the  phosphorus  is  deposited,  and  pure  hydrogen 
gas  remains.  But  die  volume  of  the  gas  is  not  altered  by 
this  process.  Hence  it  follows  that  phosphureted  hydn^[en 
gas  consists  of  hydrogen  *gas,  holding  a  quantity  of  phos- 
phorus in  solution.  This  quantity  is  disooverei  by  sab- 
tracting  the  specific  gravity  of  hydrogen  gas  from  that  of 
phosphureted  hydrogen. 

Specific  gravity  of  phosphureted  hydrogen  0*9022 
hydrogen  gas 0*0694 

Phosphorus =  0*8328 

« 

•  Ann.  de  China,  x.  19.  f  Ibid.  xxxv.  S25. 

t  Vol.  II.  p.  457.  $  AnnaU  of  Philosophy,  viii.  S7. 


PHOSPHORUS.  Tf$ 

Therefore  [Aosphureted  hygrogen  gas  is  coifiposed  of  Chip.  in. 

Hydrogen .  •    694  or    1 
I%osphonis  •  8328       12 

So  that  phosphureted  hydrogen  contwis  -^Vth  of  its  weight 
of  hydrogen  and|fths  of  phosphorus.  Now,  if  we  reckon 
the  weight  of  an  atom  of  hydrogen  0*125,  and  that  of  aa 
atom  of  phosphorus  1*5;  it  is  obvious  that  phosphureted 
hydrogen  is  composed  of  1  atom  hydrogen  and  1  atom 
phosphorus,  for  *125  x  12  s  1*5. 

When  phosphureted  hydrogen  comes  in  contact  with 
common  air,  it  takes  fire  and  bums  with  great  splendour. 
Yet  in  a  narrow  tube  it  may  be  mixed  with  oxygen  fas 
without  undergoing  spontaneous  combustion.  But  it  is 
deprived  of  its  phosphorus  without  undergoing  any  alteru  • 
tion  in  its  bulk.  For  complete  combustion,  it  requires 
either  1  volume  of  oxygen  gas  or  1-^  volume.  In  both  cases 
the  two  gases  over  water  disappear  altogether.  Now  half  a 
volume  of  the  oxygen  gas,  in  both  cases,  must  unite  to  the 
hydrogen  and  form  water.  So  that  the  phosphorus,  in 
phosphureted  hydrogen,  combines  either  with  -^  volume 
or  with  1  volume  of  oxyg^i  gas.  In  the  first  case,  I  sup- 
pose that  hjrpophosphorous  acid  is  formed :  In  the  second 
case,  phosphorous  acid. 

When  a  volume  of  phoqihnreted  hydrogen  gas  is  mixed 
with  S  volumes  of  nitrous  gas,  and  an  electic  spark 
passed  through  the  mixture,  a  detonation  takes  places  and 
there  remains  1-J-  volume  of  azotic  gas.  Now  nitrous  gas 
contains  half  its  bulk  of  oxygen.  Therefore^  in  this  case^ 
the  phosphureted  hydrogen  has  combined  with  1^  volume 
of  oxygen.  If  these  two  gases  be  mixed  over  water  and  a 
bubble  of  oxygen  gas  be  let  up  to  them,  a  detonation  im- 
mediately takas  place. 

When  1  voliune  of  phosphureted  hydrogen  is  mixed 
with  3  volumes- of  protoxide  of  azote^  and  an  electric  spark 
passed  through  the  mixture,  a  detonation  takes  places  and 
there  remains  3  volumes  of  azotic  gas.  But  protoxide  of 
azote  is  composed  of  1  volume  of  azote  +  half  a  volume  of 
oxygen  condensed  into  1  volume;  so  that  3  volumes,  if 
decomposed,  would  constitute  3  volumes  of  azote  and  1-|> 
volume  of  oxygen  gas.  Hence,  in  this  case  also,  phosphu- 
reted hydrogen  hascombined  with  I^- volume  of  oxyg  *• 

VOL.  I.  T 
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Book  I.        Whan  phoephureted  h jdrogn  gas  ii  mixed  wiA  cUo« 

y^**^  J  rine  gas,  it  bums  with  a  greenish  yellow  flame;  and  when 
the  two  gases  are  mixed  in  the  proportion  of  1  volQme  of 
the  former  to  S  of  the  latter,  they  disappear  entirely,  beiDg 
converted  into  muriatic  acid,  and  a  brown  matter  wlu<£ 
apeedily  dissolves  in  water,  and  which  is  doobtlcM  a  bi- 
diloride  ofphosf^rus. 

When  iodine  is  heated  in  phosphureCed  bydrcigen  gas, 
iodide  of  phoq)horus  is  formed,  and  probably  hydriodic 
acid ;  for  when  water  is  present  the  balk  of  the  gaa  dimi- 
nishes 1  third. 

Water,  according  to  the  experiments  of  Dr.  Henry,  dii- 
solves  ratfier  more  than  2  per  cent  of  this  gas.  The  water 
acquires  a  ydlow  colour,  an  intensely  bitter  taste,  and  a 
smell  similar  to  that  of  the  gas.  It  produces  no  alteration 
on  Yq;etable  blues,  but  precipitates  silver,  mercury,  and 
copper,  firom  their  solutions,  of  a  daik  colour. 
Bibjdrogn-  4.  Hydrophosphoric  gas  or  bihydrognret  of  phosphorus 
■^^*'**"  was  first  paiticularly  examined  by  I&  H.  Davy,  in  1812.* 

He  obtained  it  by  heating  crystallised  phosphorous  add. 
It  may  be  procured,  also,  by  exposing  phosphureted  hydro* 
gen  to  the  direct  rays  of  the  sun.  A  quanti^  of  phos- 
phorus is  deposited,  and  the  gas  is  changed  into  bihydnh 
guret  of  phosphorus. 

This  gas  is  colourless,  and  possesses  the  mechanical  pro- 
perties of  common  air.  Its  smell  is  similar  to  that  of  phos- 
phureted hydrogen,  but  not  so  disagreeable.  When  sul- 
phur is  sublimed  in  this  gas  the  volume  is  doubled,  and 
3  volumes  of  sulphureted  hydrogen  gas  are  formed.  When 
,  potassium  is  heated  in  it,  the  volume  is  also  doubled.    The 

potassium  combines  with  phosphorus,  and  the  residual  gas 
is  pure  hydrogen.  Hence  it  is  obvious  that  it  is  a  com- 
pound of  two  volumes  of  hydrogen  gas,  united  with  the 
same  quantity  of  phosphorus  that  exists  ina  volume  of  phos- 
phureted hydrogen  gas,  and  condensed  into  1  volume 
Hence  its  composition  must  be 

Phosphorus  12 1*5 

Hydrogen      2 0*125  x  2 

Thus  we  see  that  it  is  a  compound  of  1  atom  phosphomi 
and  2  atoms  hydrogen. 

•  Phil.  Trans:  1^12,  p.  406. 
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It  is  obvious,  alsO)  that  it9  q)ecific  gratity  xniist  be  equal  Chap.  ill. 
to  the  specific  gravity  of  phoqihureted  hydrogen  gas,  added 
to  that  of  hydrogen  gas,  or  0*9022  +  0*0694  =  0*9716. 
Sir  Humphry  I>ftvy  found  it  0*87.  But  his  experiment 
was  made  ap(Hi  a  small  scale,  and  only  once  repeated. 
Hence  an  error  of  t^^th  can  hardly  be  considered  as  exces* 
sive. 

This  gas  does  Qot  bum  spontaneously  when  it  oomm 
into  common  air  or  oxygen  gas;  but  if  it  be  mixed  with 
oxygen  and  heated  to  $00°  *  it  explodes.  1  volume  of  this 
gas  requires  either  l-j^  or  2  volumes  of  oxygen  gas  for  com- 
plete combustion.  If  the  first  proportion  be  used,  some 
phosphorus  is  apt  to  be  precipitated.  Now  as  the  gas  eon- 
tains  2  volumes  of  hydrogen,  it  is  obvious  that  1  volume  of 
the  oxygen  goes  to  the  formation  of  water.  The  remaining 
^  or  1  volume  of  oxygen,  must  have  united  with  the  phos- 
phorus. Now  this  is  just  the  quantity  which  the  phospho- 
rus in  a  volume  of  phosphureted  hydrogen  gas  requires. 
Hence  the  reason  for  estimating  the  quantity  of  phosphorus 
in  a  volume  of  hydroguret,  and  bihydroguret  of  phosphorus 
as  the  same. 

When  mixed  with  chlorine  gas  it  bums  spontaneously 
with  a  white  flame.    According  to  Davy,   1  volume  of 

bihydroguret  of  phosphorus  requires  4  volumes  of  chlorine 
gas  for  complete  combustion.  Two  of  these  volumes  uniting 
to  the  hydrogen  go  to  the  formation  of  muriatic  acid. 
The  other  two  must  combine  with  the  phosphoms,  and 
form  a  perchloride  of  phoq>honis  which  would  be 
speedily  converted  into  muriatic  acid  and  phosphoric  acid, 
by  decomposing  water.  So  that  the  products,  in  this  case, 
are  precisely  the  same  as  when  phosphureted  hydrogen  is 
burnt  in  chlorine. 

According  to  Davy,  water  absorbs  -^th  of  its  volume  of 
this  gas.  So  that  the  absorbability  of  this  gas  and  olefiant 
gas,  by  water,  is  the  same. 

Thus  we  have  two  compounds  of  phosphorus  and  hydro* 
gen,  composed  as  follows, 

Phospboras.    Hydrogen. 

Hydroguret  of  phosphoms  of  1  atom  +  1  atom 
BUiydroguret  of  phoiq)horus  of  1  +2 

•  Davy. 
t2 
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Book  I.       VIII«  Phosphorus  has  the  property  Ukewiae  of  imidDg 

DiTisionH.  ^^^  carboD,  and  of  forming  a  compound,  called  phosphtrei 

pJJ^^Xj^j  of  carbon.    Its  existence  was  first  recognized  by  M.  Proust. 

ofcaibon.    He  gave  that  name  to  the  red  substance  which  lemssns 

when  new  made  charcoal    is  strained  through  shamcMi 

leather.*    It  is  not  improbable  that  this  red  substance  may 

frequently  contain  phosphuret  of  carbon,  especiaDy  as  the 

same  assertion  has  been  subsequently  made  by  Thenardf 

But  I  have  never  been  able  to  find  any  such  substance  in  \i.% 

The  experiments  of  Vogel  appear  to  have  beat  equally 

un8uccessful.§    But  I  have  never  £uled  to  procure  it  by  the 

following  method. 

Allow  phosphuret  of  lime  to  remain  in  water  till  it  has 
given  out  all  the  phosphureted  hydrogen  gas  which  it  is 
capable  of  evolving.  Then  add  to  the  liquid  a  oonaideraUe 
excess  of  muriatic  acid,  agitate  for  a  few  moment^  and 
throw  tlie  whole  upon  a  filter.  Phoqdiiuetof  carb(m  will 
remain  upon  the  filter.  Let  it  be  properly  washed  and 
dried. 

.  Phosphuret  of  carbon  thus  obtained  is  a  soft  powder  of 
a  dirty  lemon  yellow  colour,  without  either  taste  or  smdL 
When  lefl  in  the  open  air  it  very  slowly  imbibes  moisture^ 
emits  the  smell  of  carbureted  hydrogen,  and  acquires  an 
acid  taste.  Hence  it  decomposes  the  water  which  it  ab- 
sorbs, and  its  phosphorus  is  slowly  converted  into  phos- 
phorous acid.  It  does  not  melt  when  heated;  nor  is  it 
altered,  though  kept  in  a  temperature  higher  than  that  of 
boiling  water.  It  bums  below  a  red  heat,  and  when  heated 
to  redness,  gradually  gives  out  its  phosphorus. .  The  char- 
coal remains  behind  in  the  state  of  a  .b)a<^  matlter,  being 
prevented  from  burning  by  a  coating  of  photphmc  acid 
with  which  it  is  covered.  When  the  powder  is  thrown 
over  the  fire  in  small  quantities  at  a  time,  it  bums  in  beau- 
tiful flashes.  It  is  composed  of  I  atom  phoqdiorus,  and 
1  atom  carbon,  or  by  weight  of 

Phosphorus  1*5    200 

Carbon  .  . .  0*75 100 

*  Ann.  de  Chtm.  xxitv.  44.  f  Ann.  de  Chim.  Ixxxi.  109* 

I  Twice  indeed  on  distilling  tkii  tubstaDoe  I  obtained  a  randoe  af 
charcoal.  But  I  never  could  succeed  in  obtaining  the  phosphonc  is  t 
separate  state.  §  Ann,  de  Cbim.  Ixxxf,  994. 
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The  substance,  when  distilled,  gives  no  traces  of  water.*    Cbap.  IIL 
IX.  Nothing  is  known  req^ecting  the  combination  of 
phosphorus  with  boron  and  silicon* 


SECT.  VI. 

OF  SULPHUR. 


Sulphur,  distinguished  also  by  the  name  of  brimstcme^ 
was  known  in  the  earliest  ages.  Considerable  quantities  at. 
it  are  found  native^  especially  in  the  neighbourhood  of  toI- 
canoes,  and  it  is  procured  in  abundance  by  subjecting  the 
mineral  called  pyrites  to  distillation.  The  ancients  used 
it  in  medicine,  and  its  fumes  were  employed  in  bleaching 

wooLf 

1.  Sulphur  is  a  hard  brittle  substance^  commonly  of  a  Propetdw. 

greenish  yellow  colour,  without  any  smell,  and  of  a  weak 
though  perceptible  taste. 

It  is  a  non-conductor  of  electricity,  and  of  course  be- 
comes electric  by  firiction.  Its  specific  gravity  is  1*990. 
The  specific  gravity  of  native  sulphur  is  2*0SS24 

Sulphur  undergoes  no  change  by  being  allowed  to  re-> 
main  exposed  to  the  open  air.  When  thrown  into  water, 
it  does  not  melt  as  common  salt  does,  but  falls  to  the  bot« 
torn,  and  remains  there  unchanged :  It  is  therefore  insolu- 
ble in  water. 

2.  If  a.  considerable  piece  of  sulphur  be  exposed  to  a  Action  of . 
sudden  though  gentle  heat,  by  holding  it  in  the  hand,  for  ^^^ 
instance,  it  breaks  to  pieces  with  a  crackling  noise. 

When  sulphur  is  heated  to  the  temperature  of  about  Flowers  of 
170*^,  it  rises  up  in  the  form  of  a  fine  powder,  which  may  ^^^'*^'" 
be  easily  collected  in  a  proper  vessel.  This  powder  is 
called  flowers  ofstdphuf.§  When  substances  fly  off  in  this 
manner  on  the  application  of  a  moderate  heat,  they  are 
called  vo/o/i/e;  and  the  process  itself,  by  which  they  are 
raised,  is  called  volatilizaiion. 

^  Annals  of  Philosophy,  yiii.  157.  .  t  PU°y>  lib.  xxxv.  c.  15. 

t  Britson.    LaToisier's  Elements,  p.  577. 

§  It  is  only  in  this  state  thst  sulphur  is  to  be  found  in  commerce  to- 
lerably pure.  Roll  sulphur  nsoally  contains  a  considerable  portion  of 
forei^  bodies. 
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Book  I.        When  heated  to  the  tempentore  of  about  218^  of  Fah- 
PlYition  11.  i^nheit's  thermcNDeter,  it  melts  aad  becomes  as  liquid  as 
^"^^^"^  ivater.     If  this  experiment  be  made  in  a  thin  i^assvesidf 
of  an  egg  shape,  and  havmg  a  narrow  month,*  the  Te§Bel 
may  be  placed  upon  burning  coals  without  much  risk  of 
breaking  it.     The  strong  heat  soon  causes  the  sulphur  to 
boil,  and  converts  it  into  a  brown  coloured  vapour,  which 
fills  the  vessel,  and  issues  with  considerable  fierce  out  from 
its  mouth, 
8olphtt'<*.     5,  There  are  a  great  many  bodies  which,  after  bdng 
c^toUixr   dissolved  in  water  or  melted  by  heat^  are  capable  of  asstnn- 
^'  ing  certain  r^ular  figures.    If  a  quanti^  of  common  salt, 

&r  instance,  be  dissolved  in  water,  and  that  fluid,  by  the 
application  of  a  moderate  heat,  be  made  to  fly  o£P  in  th6 
form  of  steam;  or,  in  other  words^  if  the  water  be  slowly 
evaporated,  the  salt  will  fall  to  the  bottom  of  the  vessel  in 
cubes.  These  regular  figures  are  calted'  crystak.  Now 
sulphur  is  capable  of  crystallizing.  If  It  be  melted,  and,  as 
soon  as  its  surface  begins  to  congeal,  the  Uquid '  splphur 
beneath  be  poured  out,  the  internal  cavity  witt  ^achibit  long 
needle-shaped  crystals  of  an  octahedral  figure*  This  method 
of  crystallizing  sulphur  wiis  contrived  by  Rouelle.  If  the 
experiment  be  made  in  a  glass  vessel,  or  upon  a  flat  plate  of 
iron,  the  crystals  will  be  perceived  beginning  to  shoot  when 
the  temperature  sinks  to  220^  Sulphur  is  fiiequently  found 
native  in  fine  large  crystals.  The  primitive  form  of  the 
crystals  is  an  octahedron,  with  scalene  triangular  &ces.  It 
consists  of  two  pyramids  joined  together,  base  to  base. 
These  bases  constitute  a  rhomboid,  the  longer  diagonal  of 
which  is  to  the  shorter,  as  5  to  4.  The  perpendicular 
drawn  from  the  centre  of  this  rhomboid  to  Uie  edge  is  to 
the  height  of  the  pyramid  as  1  to  S.+ 

4.  Alcohol  dissolves  a  small  portion  of  sulphur.    So  does 
sulphuric  ether  and  oils. 

II.  Sulphur  combines,  at  least,  in  two  proportions  with 

oxygen,  and  forms  two  compounds  which  have  been  long 

known,  and  which  have  received  the  names  of  sulphurous 

and  sulphuric  adds* 

Converted       1 .  When  sulphur  is  heated  to  the  temperature  of  560® 

by  combos-  *^ 

•  Such  vessels  are  nsaally  called  rec$i9ert  mjim$k$  by  chemists, 
t  Haiiys  Mineralogie,  ill.  278. 
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in  the  open  air,  it  takes  fire  spontaneously^  and  brams  with  Chap.  in. 
a  pale  blue  flame^  and  at  the  same  time  emits  a  great  quan-  ^^*"V"^ 
tity  of  iiimes  of  a  very  strong  suffocating  odour.     Wb^a  set  ^JJJ.*"^^ 
on  fire,  and  then  plunged  into  a  jar  fiill  of  oxygen  gas,  k 
bums  With  a  bright  violet  Coloured  flame,  and  at  the  same 
time  emits  a  vast  quantity  of  fiimes.    If  the  heat  be  coor^ 
tinued  long  enough,  the  sulphur  bums  all  away  without 
leaving  any  ashes  or  residuum*     If  the  fumes  be  collected» 
they  are  found  to  consist  of  sulphurous  acid.    By  combua*  . 
tion,  then,  sulphur  is  converted  into  acid.     This  fact  was 
known  several  centuries  ago ;  but  no  intelligible  exfdan^- 
tion  Was  given  of  it  till  the  time  of  Stafal. 

According  to  him,  sulphur  is  a  compound  of  sulphuric 
acid  and  phlogiston.  By  combustion  the  phlogiston  js 
driven  o(^  and  the  acid  remains  behind*  llie  experiments 
by  which  he  endeavoured  'to  establish  these  opinions  were 
long  considered  as  satisfactory.  But  it  was  observed  that 
sulphur  wUl  not  bum  unless  air  be  present,  and  that  sul* 
phuric  acid  is  heavier  than  die  sulphur  from  whidai  it  was 
produced.  These  facts  were  inocKnpatible  with  the  hypo- 
thesis of  Stahl.  Lavoisier  first  explained  them  by  showing 
that,  during  combustion,  sulphur  unites  with  the  oxygen  of 
the  air,  and  that  the  acid  formed  is  exactly  equal  to  the 
weight  of  the  sulphur  and  oxygen  which  disappeared. 
Hence  he  oonduded  that  the  acid  formed  is  a  compound  of 
these  two  bodies — an  opinion  which  is  now  universally 
acceded  to. 

2.  Sulf^urons  acid  is  formed,  when  sulphur  is  bumt^  Sulphuioiit 
either  in  the  open  air,  or  in  oxygen  gas.    But  the  best  way  ^^' 
to  procure  it  in  quantities,  is  to  heat  a  mixture  of  sulphuric 
acid  and  mercury  in  a  small  retort,  and  receive  the  gaseooa 
prodiict  over  mercury*    This  gas  is  sulphurous  acid. 

This  acid  was  first  examined  by  Stahl,  who  gave  it  the 
name  of  phlogisticaied  sulphuric  add.  Scheele  in  1774 
pointed  out  a  method  of  procurii^  it  in  quantities.*  Dr. 
Prlestley,  about  the  same  time^  obtained  it  in  the  gaseous 
form,  and  ascertained  many  of  its  properties.f  Berthollet 
examined  it  in  1782  and  17894     Fourcroy  and  Vauquelin 

*  Scheele's  Mimoires  de  Chymie,  i.  43. 

t  PrieBtley-oa  Air,  ii.  295. 

\  Mem.  Par<  1783^  and  Ann.  de  Chim.  ii,  54. 
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Book  I.    Tity  1*855  boils,  according  to  Mr.  Daltoiiy  at  the  tanpera* 
'""""ture  of  620°.      The  boiling  point  diminishes   with  the 
strength .     Acid,  of  the  specific  gravi^  1  *780,  boils  at  435^, 
and  acid,  of  the  specific  gravity  1*650,  at  350°.* 

Many  experiments  have  been  made* to  determine  the 
proportion  of  oxygen  contained  in  sulphuric  add.  It  is 
unnecessary  to  state  the  old  trials  of  BerthoUet,  Tromms- 
dorf,  Lavoisier,  Ghenevix,  and  Thenard,  because  they  are 
Tery  inaccurate.  Bucholz,  Klaproth,  and  Richter,  ap- 
proach much  nearer  to  the  truth.  Their  estimates  are  as 
follows: 

Bucholz    100  sulphur  +  135*3  oxygen. 
Klaproth  100  +  138*1 

Richter     100  4-138*1 

Berzelius  made  a  set  of  experiments,  with  every  attention 
to  accuracy,  on  purpose  to  determine  this  point.  He 
found  that  10  parts  of  sulphuret  of  lead,  when  b(uled  in 
nitric  acid,  were  converted  into  12*645  parts*  of  sulphate  of 
lead.  Now  sulphate  of  lead  is  a  compoimd  of  10  sulphuric 
acid,  +  28  yellow  oxide  of  lead,  llierefore  the  12*645  of 
sulphate  of  lead  formed,  are  composed  of 

Yellow  oxide  of  lead 9*31 74 

Sulphuric  acid •  •  •  3*3276 

12-6450 

In  this  experiment  both  the  lead  and  the  sulphur  had 
united  with  oxygea  But  Berzelius  has  shown,  that  yellow 
oxide  of  lead  contains  -j^th  of  its  weight  of  oxygen.  Now 
iVth  of  9*31 74  is  0*6655.  If  we  subtract  this  quantity  from 
2*645,  the  whole  increase  which  the  sulphuretacquired,  there 
will  remain  1*9795,  indicating  the  quantity  of  oxygen  which 
exists  in  3*3276  parts  of  sulphuric  acidf  Ther^ore  sul* 
phuric  acid  is  composed  of 

Sulphur  1*3485  or  100 
Oxygen  1*9795  or  146*85 

These  numbers  are  much  nearer  the  truth  than  those  of 
preceding  experimenters.    But  it  is  easy  to  show,  that  the 

*  Dalton's  New  System  of  Chemicsl  Philosophy,  ii.  404. 
t  Ann.  de  Chim.  Izxriii.  31. 
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quantity  of  oxygen,  thus  stated  by  Berzelitts,  is  a  little  bdow  Chip.  iiL 
the  truth.  Most  of  the  metals  have  the  property  of  uniting 
either  with  oxygen  or  sulphur,  constituting  with  the  one 
oxidesj  with  the  other  sulphurets.  Now  the  weight  of  sul- 
phur, necessary  to  convert  any  metal  into  a  protosulphurel^ 
is  just  double  the  weight  of  oxygen  necessary  to  convert 
the  same  metal  into  a  protoxide.  From  this  it  follows,  that 
the  weight  of  an  atom  of  sulphur,  is  exacdy  twice  that  of  an 
atom  of  oxygen^  Most  of  die  sulphates  have  been  analysed 
with  great  care.  The  following  table  represents  the  compo- 
nent parts  of  some  of  these  salts  : 

Sulphate  of  lead.  Sulphate  of  barytes.  Sulphate  of  potash. 

Acid  10   ..  5        Acid  100   ..  5"02      Acid  42*2  ..  5*06 
Base  28    ..14         Base  194    ..  9*75       Base  50*1    ••  6 

Sulphate  of  lime.  Sulphate  of  copper.  Sulphate  of  soda. 

Acid  100     •  •  5*006      Acid  100  ..  5      Acid  100    . .  5*07 
Base  72-41  .  •  8*625      Base  200  .  .10      Base  78*82  . .  4 

The  second  set  of  numbers,  after  the  bases,  represent  the 
weights  of  the  atoms'  of  the  different  bases.  For  these 
weights  are  as  follows  : 


Yellow  oxide  of  lead  14 

Barytes 9*75 

Potash 6 


Lime 3*625 

Black  oxide  of  copper  10 
Soda 4 


The  numbers  above  these  represent  the  weight  of  an 
atom  of  sulphuric  acid,  resulting  from  the  analysis  of  the 
salt.  Now  these  numbers  agree  very  nearly  with  each 
other,  and  the  mean  of  the  whole  of  them  is  5*024.  Is  it 
not  evident  from  this,  that  5  is  the  number  which  represoits 
the  weight  of  an  atom  of  sulphuric  acid  ?  It  must  be  com- 
posed of 

.f  Sulphur  2,  or  1  atom^ 

Oxygen  3,  or  3  atoms. 

Sulphuric  acid>  then,  is  composed  of 

Sulphur  100 
Oxygen  150 

Proportions  which  differ  but  little  from  Berzelius*  ana- 
lysis.  The  error  is  probably  owing  to  a  minute  quantity  of 
the  sulphuret  of  lead  having  been  carried  off  by  the  nitric 
acid  fiimes. 
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Book  I.       4.  Thus  we  see  that  the  two  add  oombinatiaiis  of  siil« 
phur  are  composed  as  follows, 

Sulphur.     Oxygen.         Sulphur.  Oxygen. 

Sulphorous  acid  100  +   100  or  1  atom  +  S  atoms. 
Sulphuric  acid      100  +   150  or  1  +3 

Hypomil-    We  shall  see  afterwards  that  sulphur  is  capable  of  oombin- 

^^^^[^^      ing  with  one  atom  of  oxygen,  and  of  fixnning  ah  add, 

wMch  has  not  hitherto  been  obtained  in  a  separate  state; 

but  which  may  be  distinguished  by  the. name  of  hypotu^hh 

rous  add. 

5.  If  sulphur  be  kept  melted  in  an  open  Tessd,  it  be- 
comes gradually  thick  and  viscid.  When  in  this  state,  if 
it  be  poured  into  a  bason  of  water,  it  will  be  found  to  be  of 
a  red  colour,  and  as  soft  as  wax.  In  this  state  it  is  em- 
ployed to  take  off  impressions  fitm  seals  and  medals. 
These  casts  are  known  in  this  countiy  by  the  name  of  sul^ 
phurs.  When  exposed  to  the  air  for  a  few  days,  the  sul- 
phur soon  recovers  its  original  brittleness,  but  it  retains  its 
red  colour.  This  substance,  when  newly  made,  has  a 
violet  colour;  it  has  a  fibrous  texture;  its  specific  gravi^ 
is  2*325 ;  it  is  tough,  and  has  a  straw  colour  when  pounded. 
This  substance  has  been  considered  as  an  oxide  of  sulphur. 
But  it  produces  the  same  quantity  of  sulphuric  add  as 
common  sulphur,  and  sulphur  undergoes  the  same  change 
in  its  appearance,  even  when  oxygen  and  common  air  are 
carefully  excluded.  We  cannot  therefore  consider  it  as  an 
oxide. 
lAcsulphu*  6.  When  sulphur  is  first  obtained  by  precipitation  fit>m 
any  liquid  that  holds  it  in  solution,  it  is  always  of  a  white 
colour,  which  gradually  changes  to  greenish  yellow  wheo 
the  sulphur  is  exposed  to  the  open  air.  This  substance  liss 
been  considered  as ,  an  oxide  of  sulphur  by  some.  But  if 
this  white  powder,  or  lac  sulphurise  as  it  is  called,  be  cx« 
posed  to  a  low  heat  in  a  retort,  it  soon  acquires  the  colour 
ofconmion  sulphur;  and,  at  the  same  time,  a  quantity  of 
water  is  deposited  in  the  beak  of  the  retort.  On  the  other 
hand,  when  a  little  water  is  dropped  into  melted  sulphur, 
the  portion  in  contact  with  the  water  immediately  assumes 
the  white  colour  of  lac  sulphuris.  If  common  sulphur  be 
sublimed  into  a  vessel  filled  with  the  vapour  of  water,  we 
obtain  lac  sulphtns  of  the  usual  whiteness,  instead  of  the 


ris. 
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common  flowers  of  sulphur.    These  fiu^ts  prore  that  lac  cbap.  ill. 
sulpkuris  is  a  compound  of  sulphur  and  water.     Hence  we  ^^-^y— <^ 
may  conclude  that  greenish  yellow  is  the  natural  colour  of 
sulphur.     Whiteness  indicates  the  presence  of  water.* 

III.  Sulphur  combines  readily  with  chlorine,  and  forms  Chloride  tf 
a  liquid  compound  which  has  received  the  name  of  chloride  *^^P^^'- 
of  sidphur.    This  substance  was  first  described  by  me  in 
18d4r.t   It  was  examined  by  M.  BerthoUet  Junior  in  18074 
and  by  Mr.  Bucholz  in  1810.$ 

It  is  easily  obtained  by  passing  a  current  of  chlorine  gas 
through  flowers  of  sulphur.  It  may  be  obtained  also,  as 
Davy  first  observed,  by  heating  sulphur  in  a  dry  glass  vessel 
filled  with  chlorine  gas. 

It  is  a  liquid  of  a  brownish  red  colour  when  seen  by  re- 
flected light;  but  appears  yellowish  green  when  seen  by 
transmitted  light.    Its  smell  is  strong  and  somewhat  similar 
to  that  of  sea  plants,  or  which  we  perceive  when  walking 
along  the  sea  shore.     The  eyes  when  exposed  to  it  are  filled 
with  tears  and  acquire  the  same  painful  feeling  as  when  ex- 
posed to  wood  or  peat  smoke.     The  taste  is  acid,  hot,  and 
bitter,  afiecting  the  throat  with  a  painful  tickling.     It  does 
not  change  the  colour  of  dry  litmus  paper ;  but  if  the  paper 
be  moist  it  immediately  becomes  red.     I  found  the  specific 
gravity  1*623.     But  BerthoUet  found  it  1*7  and  Buchols 
1*699.    We  must  therefore  consider  1*7  as  the  true  gravity. 
It  readily  dissolves  sulphur,  ai^d  acquires  a  brown  colour. 
It  dissolves  phosphorus  with  &cilit}'.    The  solution  has  a 
fine  amber  colour  and  is  permanent.     Chloride  of  sulphur 
smokes  violently  in  the  open  air  and  soon  flies  ofi^,  leaving 
crystals  of  sulphur  if  it  contains  that  substance  in  solution.^ 
When  dropped  into  water  it  is  decomposed,  sulphur  being 
evolved.     When  dropped  into  nitric  acid  a  violent  efferves- 
cence is  produced,  and  sulphuric  acid  formed. 

According  to  Davy  10  grains  of  sulphur  absorb  30  cubic 
inches  or  22*875  grains  of  chlorine.    Hence  it  is  composed 

of 

iulphur 1 « •  2 

Ihlorine  . , 2-2875 4*575 

*  Nicholson's  Journal,  vi.  103.  f  Ibid.  p.  104. 

I  Mem.  d'Arcueil,  i.  161. 

§  Qehltn't  Jouroaly  fur  die  Chemie^  Physik  und  Minendogi«y  ix. 
J72. 
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Bbok  L     It  is  evfdent  from  this  that  it  is  a  compound  of  1  atom 

Mritiooll.  sulphur  and  I  atom  chlorine.    Had  the  absorpdon  been 

^*^^"*^  29*5  instead  of  SO  cubic  inches,  the  diloride  would  ha^e 

been  composed  of  2  sulphur  +  4*5  chlorinew     Now  as  the 

glass  in  which  the  experiment  was  made  had  a  metallic 

stop-cocky  some  of  the  chlorine  would  be  absorbed  by  it 

Iodide  of        IV.  Sulphur  has  the  property  of  comlnning  with  iodine^ 

•^P^or*     and  of  forming  a  compound  which  has  been  caUed  iodide  of 

sulphur.    It  wat  first  described  by  Gay-Lussac^ 

It  is  easily  formed  by  mixing  together  the  two  consti- 
tuents in  a  glass  tube  and  exposing  them  to  a  heat  sufficient 
to  melt  the  sulphur.  This  iodide  is  grayish  black,  and  has 
a  radiated  structure  like  that  of  sulphuret  of  antimony. 
When  distilled  with  water  iodine  is  disengaged.  When 
heated  sufficiently  to  produce  fusion  a  porti<»i  of  the  iodine 
is  likewise  disengaged. 

This  iodide  has  not  hitherto  been  analysed.  But  from 
analogy  we  may  conclude  that  it  is  composed  of  1  atom 
iodine  +  I  atom  sulphur,  or  by  weight  of 

Sulphur. 2 100 

Iodine 15*625 781*25 

V.  Nothing  is  known  respecting  the  combination  of  sul- 
phur with  fluorine.     Neither  has  it  been  hithoto  possible  to 
form  a  compound  of  sulphur  and  azote. 
Sulphu-  VI.  Sulphur  has  the  property  of  combining  with  hydro- 

reied  hy-  gg^,  aud  of  forming  a  gaseous  compound  which  ha^  received 
the  name  of  sulphureted  hydrogen  gas.  Gay-Lussac  has 
given  it  the  name  of  hydrosulphuric  acid. 

That  such  a  gas  existed,  and  that  it  was  inflammable^ 
had  been  observed  by  Rouelle;t  but  its  properties  and  com- 
position were  first  investigated  by  Scheele  in  1777,  who 
must  therefore  be  considered  as  the  real  discoverer  of  iuX 
Bergman,  in  1778,  detailed  its  properties  at  greater 
length,  $  having  examined  it  probably  after  reading  the 
experiments  of  Scheele.  In  1786,  Mr.  Kirwan  published 
a  copious  and  ingenious  set  of  experiments  on  it.  ||     The 

*  Ann.  de  Chim.  xci.  23.  f  Macquer's  Diet.  i.  590. 

X  Scheele  on  Air  and  Fire,  p.  186.  Engl.  Trant. 
§  See  his  Treatise  on  Hot  Mineral  Waters,  Opusc  i.  233.  and  Engl* 
TVans.  i.  290.  |!  Phil.  Trans.  1786,  p.  lia. 
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Batch  chemists  examined  it  in  17^9*  and  in  1794  Ber-  Chap.iiL 
thollet,  with  his  usual  sagacity,  still  further  developed  its  ^*— v— ' 
properties  ;f   and   since  that  time  several  important  fisKsti 
respecting  it  have  been  ascertained  by  Proust  and  Thenard. 

Berzelius  published  an  elaborate  analysis  of  it  in  1807 ;% 
and  Gay-Lussac,  Thenard,§  and  Sir  H.  Davy,  g  have 
ascertained  several  of  its  properties  with  precision. 

It  may  be  obtained  by  pouring  dUuted  sulphuric  or 
muriatic  acids  on  a  mixture  of  three  parts  iron  filings  and 
2  parts  sulphur  melted  together  in  a  crucible.  But  when 
procured  in  this  way  it  is  always  mixed  with  hydrogen  gas* 
It  may  be  obtained  quite  pure  by  digesting  sulf^nret  of 
antimony  in  powder  in  muriatic  acid. 

It  is  colourless,  and  possesses  the  mechanical  properties  itt  proper* 
of  air.  It  has  a  strong  fetid  smell,  not  unlike  that  of  rotten  ^*^* 
eggs.  It  does  not  support  combustion,  nor  can  animals 
breathe  it  without  suffocation.  Its  specific  gravity,  accord- 
ing to  the  experiments  of  Qay-Lussac  and  Thenard,  is 
1  1912.*»  According  to  Sir  H.  Davy  it  is  1*1967.  I  con- 
ceive that  its  true  specific  gravity  is  1*180.  Supposing  this 
to  be  its  gravity,  then  100  cubic  inches  of  it  when  the  baro- 
meter stands  at  30  inches,  and  when  the  temperature  is  60% 
will  weigh  S5*89  grains. 

This  gas  is  rapidly  absorbed  by  water.  According  to  Dr. 
Henry  100  cubic  inches  of  this  liquid  absorb,  at  the  tempera- 
ture of  50%  108  cubic  inches  of  sulphureted  hydrogen.tf  But 
the  gas  must  have  been  impure.  Theodore  de  Saussure 
found  that  100  cubic  inches  of  water  absorb  ^5S  cubic 
inches  of  pure  sulphureted  hydrogen  gas.|j:  Alcohol  of  the 
specific  gravity  0*84  absorbs,  according  to  the  same  che- 
mist, 6*06  times  its  volume  of  gas.  Mr.  Higgins  has 
shown  likewise  that  it  dissolves  in  ether.  The  water  thus 
impregnated  is  colourless,  but  it  has  the  smell  of  the  gas,  and 
a  sweetish  nauseous  taste.  It  converts  vegetable  blue  colours 
to  red,  and  has  many  other  properties  analogous  to  those  of 
acids.  When  the  liquid  is  exposed  to  the  open  air  the  gas 
gradually  makes  its  escape. 

When  sulphureted  hydrogen  gas  is  set  at  fire,  it  bums 

♦  Ann.  de  Chim.  xiy.  294.  f  Ibid.  xxv.  283i 

X  Af  handlingar  i  Fysik,  Kemi  och  Miaeralogi,  ii.  78. 

$  Phil.  Trans.  1812,  p.  412. 

II  Recherches  Physico-chimiqaM,  i.  191.  **  Ibid. 

ft  Phill.  Trans.  IdOS,  p.  S74.         tl  Anofils  of  Philosophy,  yi.  S40. 
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Book  I.    with  a  bluish  red  flame,  and  at  the  same  time  depotatM  a 
y^'*|^Jf'  quantity  of  sulphur.    When  the  electric  qpark  is  pasted 
itTora^  through  it,  sulphur  is  deposited^  but  its  bulk  is  scsrcdy 
tncati.       altered.*    It  deposits  sulphur  also  when  agitated  with  nitric 
acid,  or  when  that  add  is  dropped  into  water  impregnated 
with  Jtf    When  mixed  with  common  air  it  bums  rapidly 
but  does  not  explode.    When  mixed  with  its  own  balk  of 
oxygen  gas,  and  fired  by  electrici^,  an  ca^Ioaion  is  pro- 
duced, and  no  sulphur  deposited ;  but  the  inside  4if  the  g^ 
is  moistened  with  water.    For  complete  combustion  it  re- 
quires 14-  volume  of  oxygen  gas.    It  is  converted  into  water 
and  sulphurous  acid.    The  half  volume  of  the  oxygoi  goes 
to  the  formation  of  water,  and  the  whcde  volume  to   the 
formation  of  sulphurous  acid. 

When  electrical  sparks  are  made  to  pass  for  a  long  time 
through  this  gas  the  whole  sulphur  is  depositecl,  and  the 
bulk  of  the  gas  b  not  altered ;  but  it  is  converted  into  pure 
hydrogen  gas.  When  sulphur  is  stnnig^y  heated  in  hydro- 
gen gks  a  quantity  of  sulphurated  hydrogoi  gas  is  formed: 
but  the  bulk  of  the  gas  is  not  altered.  It  is  obvious  from 
these  facts  that  it  consists  of  hydrogen  gas,  holding  a  quan* 
tity  of  sulphur  in  solution.  To  determine  its  composition 
we  have  only  to  subtract  the  specific  gravi^  of  hydrogen 
gas  from  that  of  sulphureted  hydrogen  gas.  The  remainder 
wU]  give  us  the  weight  of  sulphur. 

Sp.  gravity  of  sulphureted  hydrogen  gas . .  1  '1 80 
■-  hydrogen  gas 0*069 

Sulphur =  I'lll 

Hence  it  is  composed  by  weight  of 

Sulphur I'lll    2 

Hydrogen 0*0694 0*125 

Or  of  an  atom  of  sulphur  united  to  an  atom  of  hydrtigen. 

When  sulphureted  hydrogen  gas  and  sulphurous  acid  gsi^ 
are  mixed  together,  they  mutually  decompose  each  other,  as 
was  first  observed  by  BarthoIIet. 

VII.  Sulphur  has  the  property  of  combining  with  carbon, 
and  of  forming  a  very  remarkable  compoimd,  distinguished 
by  the  name  of  sulphuret  of  carbon. 

*  Austiii,  Phil.  Trans.  1788,  p.  385. 
t  Sdieele,  on  Air  and  Fiie,  p.  IM. 
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The  phenomena  which  take  place  when  sulphur  is  Chtp.  ui. 
brought  in  contact  with  red-hot  charcoal  were  first  observed  ^^-^v*^ 
by  Messrs.  Clement  and  Desormes,  during  a  set  of  experi*  ^^*^^' 
ments  on  charcoal.  The  process  which  they  followed  was 
this :  fill  a  porcelain  tube  with  charcoal,  and  make  it  pass 
through  a  fiimace  in  such  a  way  that  one  end  shall  be  con* 
sideraUy  elevate  above  the  other.  To  the  lower  extremity 
lute  a  wide  glass  tube,  of  such  a  length  and  shape  that  its 
end  can  be  plunged  to  the  bottom  of  a  bottle  of  water* 
To  the  elevated  extremity  lute  another  wide  glass  tube 
filled  with  small  bits  of  sulphur,  and  secured  at  tbe  further 
end,  so  that  the  sulphur  may  be  pushed  forward  by  meant 
of  a  wire^  without  allowing  the  inside  of  the  tube  to  com* 
municate  with  the  external  air.  Heat  the  porcelain  tube, 
and  consequently  the  charcoal  which  it  contains,  to  redness, 
and  continue  the  heat  till  air-bubbles  cease  to  come  from  the 
charcoal ;  then  push  the  sulphur  slowly,  and  piece  after 
piece,  into  the  porcelain  tube.  A  substance  passes  through 
the  glass  tube,  and  condenses  under  the  water  of  the  bottle 
into  a  liquid.* 

This  liquid  was  obtained  by  Lampadius  in  1706,  while 
distilling  a  mixture  of  pyrites  and  charcoal, '  and  described 
by  him  under  the  name  of  o/co&o/  of  sulphur. \  From  a  later 
and  more  detailed  set  of  experiments  on  it,  he  drew,  as  a 
conclusion,  that  it  is  a  compound  of  sulphur  and  hydro- 
gen 4  But  Clement  and  Desormes  considered  it  as  a  com- 
pound of  sulphur  and  charcoal ;  and  inform  us,  that  when 
it  is  exposed  to  evaporate  in  open  vessels  a  portion  of  char- 
coal remains  behind.  BerthoUet  Junior,  who  made  some 
experiments  on  it,  adopted  the  opinion  of  Lampadius.^  But 
the  subject  was  resumed  by  Cluzd,||  who  published  an 
elaborate  set  of  experim^its  on  it  in  1812.  Berthollet, 
Thenard,  and  Vauquelin,  who  were  appointed  by  the 
French  Institute  to  examine  Cluzel's  paper,  repeated  some 
of  his  experiments,  and  drew,  as  a  conclusion,  that  the 
liquid  in  question  is  a  compound  of  about  15  carbon  and 
85  sulphur.**  Soon  after  a  very  complete  set  of  ^aqperiments 
on    it  were  published  by    Professor    Beraelius,  and  Dr. 

•  Ann.  d«  Cbim.  xlii.  136.  f  Creirs  Annals,  1796,  ii.  136. 

X  Gehlen'i  Jour.  ii.  192.  $  Mem.  d*Arcaeil>  i  304. 

II  Ann.  de  Cluin.  Ixuiv.  73;  113.  **  IM.  \vam,  a^fi. 
VOL.  I.                                  U 
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Book  I.    Marcct.*    Their  results  almost  exactly  agreed  vkhtbcMe  of 
PiviMonii.  ^^  French  chemists,  and  leave  no  doubt  that  this  Bqnid  is  a 
^^"^^^^  compound  of  sulphur  and  carbon,  and  that  it  conUdns  no 

other  ingredient 
Piopertiis.  Sulphuret  of  carbon,  when  prepared  by  the  process  of 
Clement  and  Desormes,  has  at  first  a  ydloir  colour,  owing 
to  an  excess  of  sulphur  which  it  contains.  But  when  recti* 
fied,  by  being  distilled  in  a  retort  at  a  tempemtore  not 
exceeding  tlO%  it  is  obtained  in  a  stateof  purity. 

Sulphuret  of  carbon  is  a  liquid  as  tran^Murent  and  cdloiir- 
kss  as  water.  Its  taste  is  acrid,  pungent,  and  somewbst 
aromatic.  Its  smdl  b  nauseous  and  fedd,  thoi^  quite 
peculiar.  Its  q)ecific  gravity,  according  to  Berselins  and 
Marcet  is  J  *272,t  according  to  Cluzd  1  *865,t  ^^  tped&e 
gravity  of  water  being  1.  Its  eiqpansive  force  at  the  tern* 
perature  of  6S'5^  is  equal  to  a  pressure  of  7'S6  inches  of 
mercury.  So  that  air,  to  which  it  is  admitted  at  diat  teni'^ 
perature,  wUl  be  dilated  by  about  ^  of  its  volume.)  It 
boils  briskly  at  a  temperature  between  105^  and  110^.  It 
does  not  congeal  when  cooled  down  to  —  60^.  It  is  one 
of  the  most  volatile  liquids  known,  and  produces  a  greater 
degree  of  cold,  by  its  evaporation,  than  any  other  substance. 
The  bulb  of  a  thermometer  being  aiveloped  in  fine  lint, 
dipped  in  this  liquid,  and  suspended  in  the  air,  sinks  from 
60°  to  about  zero.  If  it  be  introduced  under  the  receiver  of 
an  air-pump,  and  the  receiver  rapidly  exhaosted,  the  ther- 
mometer will  sink  to  —  82°  in  less  than  two  minutes.  H 

Sulphuret  of  carbon  takes  fire  in  the  open  air,  at  a  tem- 
perature scarcely  exceeding  that  at  which  mercury  boils.  It 
bums  with  a  blue  flame,  giving  out  the  smell  of  sulphurous 
acid.  Its  vapour  detonates  when  mixed  with  oxygen  gu, 
and  an  electric  spark  is  passed  through  it.  The  products 
are  sulphurous  acid  and  carbonic  acid,  and  carbonic  oxide, 
if  the  oxygen  be  in  small  proportion ;  but  if  six  (Mr  sevm 
times  the  bulk  of  the  vapour,  the  wb<de  of  the  caibon  is 
converted  mto  carbonic  acid. 

Sulphuret  of  carbon  is  scarcely  soluble  in  water,  but 
alcohol  and  ether  dissolve  it  readily.     Ether  is  capaUe  of 

*  Phil.  Trans.  1813,  p.  171.  f  ^^'  Thms.  1813,  p.  175- 

X  Ann.  f\e  Chim.  Ixxiiv.  83. 

§  Berzelius  and  Marcet,  Phil.  Trans.  1813,  p.  175. 

II  Marcet;  Phil  Trans.  1813,  p.  S59. 
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taking  up  three  times  its  bulk  of  this  liquid  without  becom-  Chip.  III. 
ing  turbid.     It  readily  unites  with  chloride  of  a:iote»  and  ^"^^v^^ 
prevents  that  liquid  from  detonating^  when  it  comes  in 
contact  with  oils  or  phosphorus.* 

When  passed  through  red-hot  copper,  it  combines  with  ComposK 
that  metal,  forming  a  carbosulphuret  of  metal.  By  this  ^^^ 
method,  BerthoUet,  Thenard,  and  Vauquelin,  succeeded  in 
ascertaining  its  composition.  When  passed  very  slowly 
through  red  oxide  of  iron,  it  is  also  completely  decomposed, 
and  converted  partly  into  sulphuret  of  iron,  and  partly  into 
sulphurous  acid  and  carbonic  add  gases.  By  this  process^ 
Berzelius  succeeded  in  decomposing  it,  and  ascertained  it  to 
be  a  compound  of 

Sulphur  84*83   100*00 

Carbon   15-17   17-89 

This  result  almost  coincides  with  that  of  the  French 
chemists.  Now  we  have  found  that  an  atom  of  sulphur 
wdghs  2  and  an  atom  of  carbon  0*75.  On  the  supposition 
that  sulphuret  of  carbon  is  a  compound  of  2  atoms  sulphur, 
and  1  atom  carbon,  its  constituents  would  be 

Sulphur  4        8V21    100 

Carbon  0-75   15*79   18*75 

But  these  numbers  approach  so  nearly  to  Berzelius'  ana* 
lysis,  that  we  may  safely  consider  them  as  exact  The  liquid 
then  is  in  &ct  a  bisulphuret  of  carbon.  It  is  not  improba- 
ble that  a  sulphuret  of  carbon  may  likewise  be  formed. 

VIII.  We  do  not  know  whether  sulphur  combines  with 
boron  and  silicon :  no  experiments  on  the  subject  having 
been  hitherto  made. 

IX.  Sulphur  and  phosphorus  readily  combine  with  each  Salphur 
other,  as  was  first  ascertained  by  Margra£t     Pelletier  after-  JJ??***?[^ 
wards  examined  the  combination  with  care.f   Some  curious  phonis. 
observations  were  published  on  the  formation  of  this  com- 
pound by  Mr.  Accum ;  §  and  soon  after  the  circumstances 
under  which  it  takes  place  were  explained  with  precision  by 
Dr.  Briggs.|| 


*  Benelius  and  Marctt;  Phil.  Trans.  1813,  p.  175. 

t  Opnsc.  i.  11.  J  Jonr.  de  Phjt.  xxxf,  dSS. 

§  NicolwD,  vi.  II  lUd.  vii.  58. 
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Book  I.        All  that  is  fiecesBary  is  to  mix  the  two  sobBiaaees  toge* 
^mioRii.  ii^^f  ^  ^j^  ^^]y  ^  degree  of  heat  sufficient  to  melt  dictti^  as 

Pelletier  first  observed.  The  compound  has  a  yellowish 
white  colour,  and  a  crystallised  appearance.*  Tl^  combi* 
nation  may  be  obtained  by  heatii]|^  the  mixture  in  a  glass 
tube,  haviiig  it0  mouth  properly  secured  from  the  ahr.  The 
sulphuret  of  phosphorus,  thus  prepared,  ismorecondiustible 
than  phosphorus.  If  it  be  set  on  fire  by  means  of  a  hot 
wire,  allowed  to  bum  for  a  little^  and  then  extinguished  by 
excluding  the  air,  the  phosphorus,  and  perhaps  the  sulphur, 
seem  to  be  oxidized,  and  the  mixture  acqoireB  the  property 
of  taking  fire  spcmtaneously  as  soon  as  it  comes  in  contact 
with  air.f 

Tlie  combination  may  be  procured  also  by  putting  the 
two  bodies  into  a  retort,  or  flask^  filled  with  water,  and 
applying  heat  cautiously  and  slowly.  They  combine  toge- 
tlier  gradually  as  soon  as  the  phdsphorus  is  melted.  *  It  is 
necessary  to  apply  the  heat  cau^usly,  because  the  snlphuret 
of  phosphorus  has  the  property  of  decomposing  water,  as 
had  been  observed  by  Margraf,  and  ascertained  %  Pelletier. 
The  rate  of  decomposition  increases  Verjr  rapidly  with  the 
temperature,  a  portion  of  the  two  combustibles  bdng  con- 
verted into  acids  by  uniting  to  the  oxygen  :  the  hydrogen 
at  the  moment  of  its  evolution  unites  with  sulphur  and 
phosphorus,  and  forms  sulphureted  and  phosphureted  gases. 
Tin's  evolution,  at  the  boiling  temperature,  is  so  rapid  as  to 
occasion  violent  explosions. 

The  sulphuret  of  phosphorus  may  be  ^Ustilled  over  with- 
out decomposition.  Indeed  it  was  by  distillation  that 
Margraf  first  obtained  it.  Sulphur  and  phosphorus,  by 
combining,  acquire  a  considerable  tendency  to  liquidiQr; 
and  this  tendency  is  a  maximum  when  the  two  bodies  are 
combined  in  equal  proportions.  The  following  table  exhi- 
bits the  result  of  Pelletier's  experiments  on  the  temperatures 
at  which  the  compound  becomes  solid  when  the  substances 
are  united  in  various  proportions:^ 

8     Phosphorus!  ,     ^  ^^o 

1     Sulpfiur       j  congeals  at  77» 

*  BriggSy  Nicholson,  vii.  58.  f  •  Briggs,  Ibicf. 

I  Ann.  de  Chim.  iv.  10. 
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S    Pbosphonul             ^  ^  ^o 
4    Sulphur       J 

8    Phosphorus \          ^    .at 41*^ 
8    Sulphur      J   

;  ^^} -»•»' 

2f  Phosphorus! ^^  jj9.^o 

8     Sulphur       J 

From  Pelletier's  experiments  it  is  probably  that  the 
most  intiniate  combination  of  phosphorus  and  sulphur 
consists  of  1  atom  of  sulphur  and  1  atom  of  phosphorus,  or 
by  weight  of 

Sulphur       2      4   100 

Phosphorus  ••••     1*5   8   ..« 75 

But  they  doubtless  combine  in  other  proportions. 


SECT.  VU. 

OF  ARSENIC. 

I.  The  wotd  arsenic  {ofo-wuiov)  occurs  first  in  the  works  of  Historj« 
Dioscorides,  and  of  some  other  authors  who  wrote  about  the 
beginnmg  of  the  Christian  era.  It  denotes  in  their  works 
the  same  substance  which  Aristotle  had  called  cexyiapay^^''^ 
and  his  disciple  Theophrastus  a^wMy^  which  is  a  reddish 
coloured  mineral^  composed  of  arsenic  and  aulphur,  used 
by  the  ancients  in  painting,  and  as  a  medicine. 

The  white  oxide  of  arsenic^  or  what  is  known  in  com- 
merce by  the  name  of  arsenic,  is  mentioned  by  Avicenna 
Ui  the  11th  century;  but  at  what  period  the  metal  called 
arsenic  was  first  extracted  firom  that  oxide  is  unknown. 
Paracelsus  seems  to  have  known  it;  and  a  process  for 
obtaining  it  is  described  by  Schroeder  in  his  Phermacopoeia, 
published  in  1649.t  But  it  was  only  in  the  year  1733  that 
this  metal  was  examined  with  chemical  precision.    This 

*  Plby  seems  to  inakea  jdittinctioii  between  saodaracha  ami  anoiic. 
See  lib.  zzxiv.  ctp.  t8.  t  Befginao,  iL  STB. 
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Book  I,   examination,  which  was  peffonned  by  Bfr.  Brandt,*  de- 
DhrUionll.  monstrated  its  peculiar  natore;  and  since  that  time  it  has 
^^^T'^  1)^11  always  considered  as  a  distinct  metal^  to  which  the 
term  arsenic  has  been  appropriated.     Its  properties  were 
still  farther  investigated  by  Maoquer  in  I7469  f  by  Moonet 
in  ms,t  and  by  Bergman  in  1777.  §    To  the  laboors  of 
these  philosophers,  and  to  those  of  Mr.  Schede^  B  ^"^  ^i^ 
indebted  for  almost  every  thing  known  aboot  the  properties 
of  this  metal.    Its  combinations  with  oxygen  have  been 
carefully  examined  by  Proust,  **  Bucholz,  f  f  Berzclius,  Xt 
and  some  other  chemists.  j§ 
Properties.       1.  Arsenic  has  a  bluish  white  colour  not  unlike  that  of 
steel,  and  a  good  deal  of  brilliancy.    It  has  no  sensible 
smell  while  cold;  but  when  heated  it  emits  a  stitxng  odour 
of  garlic,  which  is  very  characteristic. 

2.  It  is  the  softest  of  all  the  metallic  bodies,  and  is  so  brittle 
that  it  may  be  easily  reduced  to  a  fine  powder  by  tritnration 
in  a  mortar.    Its  specific  gravity,  when  midied,  is  5*76S3.Q\l 

3.  Its  fiising  point  is  not  known,  because  it  is  the  most 
volatile  of  the  metals,  subliming  without  melting,  when 
exposed  in  dose  vessels,  to  a  heat  of  356^.***  When  sub* 
limed  slowly,  it  crystallizes  in  tetrahedrons,  which  Haiiy 
has  demonstrated  to  be  the  form  of  its  integrant  partides. 

Oxidci.  II.  It  may  be  kept  under  water  without  alteration ;  but 

when  exposed  to  the  open  air,  it  soon  loses  its  lustr^  becomes 
black,  and  falls  into  powder. 
Arsenic  is  capable  of  combining  with  two  doses  of  oxyg^ 

*  His  paper  was  published  in  the  Memoirs  of  ths  Fluksophical  So> 
detj  of  Upsala,  for  1733,  p.  39.  He  describes  the  pn^»erties  of  aiv 
senious  acid  with  precision,  and  gives  the  first  accurate  process  for  pn>- 
curing  arsenic  in  the  metallic  state.  He  mixed  white  arsenic  with  pottsh 
and  volatile  alkali,  and  fused  the  mixture  in  a  well  luted  crucible.  Berg- 
map  se^ms  to  lu^ve  taken  many  of  his  facts  respecting  arsenic  from 
Brandt's  paper. 

t  Mem.  Par.  1746,  p.  393,  and  1748,  p.  $5,  t  Sor  rAisenic 

§  Opusc.  ii.  272.  ||  Scbeeie,  L  129* 

*♦  Jour,  de  Phys.  tt  Jour,  de  Chim.  iv.  5. 

n  Ann.  de  Chim.  Ixxx.  0,  and  Annab  of  Philosophy^  iii.  93, 

§§  See  Annals  of  Philosophy,  iv.  171. 

II II  Lavoisier's  Elements,  p.  572.  I  found  iti  specific  gravity  when 
sublimed  5*2^35.  Bergman  states  the  specific  gravity  of  aiMnic  to  be 
8  31,  (Opusc.  ii.  979)  and  Brandt  makes  it  8-808.  But  die  spedmeos 
wlfich  they  tried  must  have  been  impure.  ***  9etfpum§  ii*  979- 
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and  of  fonning  two  compounds,  whid  possess  acid  proper-  Chap.  iir. 
ties,  and  which  have  been  denominated  arsenkm  andorjentc  ^  v  ■' 
Qfdds. 

I.  When  eiqx>sed  to  a  moderate  heat  in  contact  with  air^  PtoMfldde. 
it  sublimes  in  the  form  of  a  white  powder,  and  at  the  same 
time  emits  a  smell  resembling  garlic.  If  the  heat  be 
increased,  it  bums  with  a  pale  blue  flame.  Arsenic  indeed 
is  one  of  the  most  combustible  of  the  metals.  The  substance 
which  sublimes  was  formerly  called  arsenic  or  wUte  arsenic^ 
and  is  still  known  by  these  names  in  the  commercial  world. 
It  is  now  denominated  arsenious  acid.  It  is  sddom  prepared 
by  chemists,  because  it  exists  native,  and  is  often  procured 
abundantly  duikig  the  extraction  of  the  other  metals  from 
their  ores. 

When  obtained  by  these  processes,  it  is  a  white,  brittle 
compact  substance^  of  a  glassy  appearance.  It  has  a  sharp 
acrid  taste,  which  at  last  leaves  an  impression  of  sweetnesSf 
and  is  one  of  the  most  virulent  poisons  known.  It  has  an 
alliaceous  smelL 

According  to  the  experiments  of  Klaproth,  1000  parts  of 
cold  water  dissolve  only  24-  parts  of  thb  acid,  while  1000 
parts  of  boiling  water  dissolve  TTf  parts  of  it.*  This  solu- 
tion has  an  acrid  taste,  and  reddens  vegetable  blues.  When 
it  is  slowly  evaporated,  the  oxide  crystallizes  in  regular 
tetrahedrons.  It  is  soluble  also  in  between  70  and  80  times 
its  weight  of  alcohol,  and  in  oils.  This  acid  sublimes  when 
heated  to  383^ :  if  heat  be  applied  in  dose  vessels,  it  be- 
comes pellucid  like  glass ;  but  when  exposed  to  the  air,  it 
soon  recovers  its  former  appearance.  The  specific  gravity 
of  this  glass  is  3*699;  f  that  of  the  acid  in  its  usual  state  is 

3-706.  t 

Many  experiments  have  been  made  to  determine  the 
composition  of  this  acid.  The  following  table  exhibits  the 
results  obtained  by  the  diflSsrent  experimenters. 

Proust§        100  arsenic  +  38*979  oxygen 
Thenardll     100  4  34-694 

Berzelius**  100  +  34-263 

Thomsonft  100  +  34-980 

*  Aonsltof  Philosophy,  xv.  138. 

t  Aooordiiig  to  tho  experiments  of  Dr.  Wollsston. 

I  Bergmaiiy  ii.  986.        §  Jour,  de  Phyt.        ||  Ann.  de  Chim.  1.  193. 

^*  Ann.  de  Gtrnn.  kxz.  9.  tt  Annals  of  PhikMopfay,  iv.  176, 
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Bbok  I.  We  shall  be  better  able  to  jodge  ci  ikete  eiptriaMirta 
y^^*^^J-  when  we  know  the  campoiatkm  of  arsenic  add. 
^"^^^"^  When  arsenious  add  is  mixed  with  Uack  flux,  and 
slowly  heated  to  redress  in  a  matrass  or  retort,  the  anemc 
b  reduced  to  the  metallic  state,  and  slowfy  anUimes.  By 
this  means  the  metal  may  be  procm^  in  a  state  of  purity* 
This  method  of  reducing  arsenic  was  first  pointed  out  by 
Brandt,  to  whom  we  are  indebted  for  most  of  the  properties 
of  arsenious  acid  above  described. 
Peroxide  or  9.  Arsenic  is  capable  of  combining  with  an  additioDsl 
H^'^  dose  of  oxygen,  and  of  forming  ano&er  compound,  fint 
discovered  by  Scheele,  known  by  the  name  of  anemc  adtL 
llie  process  prescribed  by  Scheele  k  to  dissolve  tfarss 
parts  of  arsenious  acid  in  seven  parts  of  muriatic  add,  to  add 
five  parts  of  nitric  acid,  to  put  the  nuxtnre  into  a  retor^ 
and  distil  to  dryness.  The  dry  mass  is  to  be  merely  brooght 
to  a  red  heat,  and  then  cooled  again.  It  is  solid  arsenic 
add.  Mr.  Bucholz  has  shown,  that  the  irhole  quantity  of 
muriatic  acid  prescribed  by  Scheele  is  not  necessary.  The 
formula  which  he  considers  as  the  best  is  the  following : 
Mix  together  in  a  crudble  2  parts  of  muriatic  add  of  the 
spedfic  gravity  1  *200,  8  parts  of  arsenious  add,  and  24 
parts  of  nitric  acid,  of  the  spedfic  gravity  1*25.  Evaporate 
to  dryness,  and  expose  the  dry  mass  to  a  sl^ht  red  heat.* 
But  the  easiest  method  of  procuring  this  add  is  to  dissolve 
arsenic  in  nitric  acid,  and  evaporate  the  soluticm  to  dry- 
ness. 

The  acid  tlius  prepared  has  no  very  strong  taste  when 
dry ;  but  when  dissolved  in  water,  it  acquires  an  excessivdy 
sour  taste,  and  remains  liquid  even  when  evaporated  to  the 
consistence  of  a  jelly.     It  is  as  noxious  as  arsenious  acid. 

llie  following  table  exhibits  the  experiments  hitherto 
made  on  the  composition  of  tliis  acid. 

Proust      100  arsenic  +  52*905  oxygen 
Thenard    100  +  56*250 

Berzelius  100  +  51*428 

Thomson  100  +  52*4 

In  order  to  be  able  to  judge  of  the  accuracy  of  these  ex- 
{)criments  let  us  endeavour  to  ascertain  the  number  which 

*  Van  Mod's  Journal  de  Chimis^  iv,  le. 
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denotes  the  weight  of  an  atom  of  arsenic  acid.    We  Uftve  Ciiip.  iti. 
two  analyses  of  aneniates  which  appear  accurate ;  the 
niate  of  lead  by  BenEeliua^*  and  die  aneniate  of  liode  fay 
Laugier.f    Hiey  are  as  follows : 

Arsetiiate  of  lead.  Artenlate  of  Ume. 


Base  194-11    14 

Acid  100        7.212 


Base  dS 8*625 

Acid  67 7'S6 


We  sec  from  these,  that  if  14  and  3*625  represent  respec- 
tively the  weight  of  an  atom  of  oxide  of  lead  and  of  lime^ 
4he  weight  of  an  atom  of  arsenic  acid  is  represented  by 
7*214  and  7*36,  the  mean  of  which  numbers  is  7*286,  which 
must  represent  the  weight  of  an  atom  of  arsenic  acid  very 
nearly.  Perhaps  the  number  7*25,  which  is  a  multiple  of 
0*125  (the  weight  of  an  atom  of  hydrogen)  is  nearest  the 
truth.  This  number  must  contain  the  atoms  of  oxygen  and 
weight  of  an  atom  of  arsenic.  Let  us  suppose  that  the 
oxygen  in  this  number  is  represented  by  2*5.  In  that  case 
the  weight  of  an  atom  of  arsenic  will  be  4*75,  and  arsenic 
acid  will  be  a  compomid  of 

Arsenic  4*75    100 

Oxygen  25      52*631 

Now  this  is  almost  exactly  the  mean  of  the  experiments 
of  Proust  and  my  own.  I  am  therefore  disposed  to  consider 
ic  is  accurate. 

If  we  suppose  the  weight  of  oxygen  in  arsenious  acid  to 
be  1*5,  that  acid  will  be  composed  of 

Arsenic  4*75   100 

Oxygen  1*5     31*6 

Now  this  number  difiers  but  little  from  the  determination 
of  Proust,  the  only  chemist  who  made  direct  experiments  on 
the  subject.  The  determination  of  Thenard,  Berzelius,  and 
myself,  was  only  from  analogical  reasoning.  I  conceive^ 
therefore,  that  the  oxygen  in  these  two  acids  is  as  the 
numbers  1*5  and  2*5,  or  3  and  5 ;  or  that  arsenious  acid  is 
a  compound  of  2  atoms  arsenic  and  3  atoms  oxygen,  and 
arsenic  acid  of  2  atoms  arsenic  and  5  atoms  oxygen. 

III.  Arsenic  combines  with  chlorine  and  forms  a  com- 
pound, which  we  shall  call  chloride  of  arsenic. 

*  Annals  of  Philosophy,  iii.  93.  f  Aao.  deCbim.  kuv.  58. 
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B«AI.        It  has  been  long  knoimand  deecribed  in  chcmicil  booki» 

IXtiiioiin.  imder  the  name  <S  butter  ofarsemc    It  may  be  bbCuned  bj 

^^^^"^"^  introducing  arsenic  into  a  sofficient  quantity  of  chlorine  gas. 

Chlofidt.    It  bums  spontaneously  with  considerable  brilliancy  and 

forms  the  chloride.    But  the  easiest  method  of  procuring 

this  chloride  in  considerable  quantity,  and  pure^  is  the  ok! 

one.     It  is  as  follows :  Mix  together  6  parts  of  corrosive 

sublimate  and  I  part  of  arsenic,  and  distil  with  a  gentle  heat 

in  a  retort,  a  liquid  passes  over  into  the  receiver  which  is 

the  chloride  of  arsenic 

This  chloride  is  transparent  and  of  the  consistence  of  (»L 
It  is  very  volatile.  Its  specific  gravity  has  not  been  ascer- 
tained. When  heated  it  readily  dissolves  phosphorus  and 
sulphur ;  but  allows  these  bodies  to  precipitate  on  cooling. 
It  likewise  dissolves  rosin,  and  combines  with  olive  oil  and 
oil  of  turpentine.*  When  mixed  with  water  it  is  decom- 
posed, and  arsenious  acid  precipitates.  According  to  the 
experiments  of  Dr.  John  Davy,  8  grains  of  arsenic,  when 
converted  into  chloride,  absorb  4  cubic  inches  of  chlorine 
gas.f  Now  4  cubic  inches  of  chlorine  gas  weigh  8*05  grains. 
Hence  the  chloride  of  arsenic  is  composed  of 

Arsenic    2 4*75 

Chlorine  3 7*125 

These  numbers  approach  1  atom  of  arsenic  and  I4-  atom  of 
chlorine,  or  2  atoms  arsenic  and  3  atoms  chlorine. 

IV.  Arsenic  combines  readily  with  iodine,  and  forms  an 
iodide  of  arsenic 

The  combination  takes  place  with  great  facility;  but, 
according  to  Ruhland,  the  only  person  who  has  examined 
it,  without  the  evolution  of  any  heat  This  iodide  has  a 
dark  purple-red  colour,  and  possesses  the  properties  cS  an 
acid.  It  is  soluble  in  water,  and  when  the  solution  is  satu<> 
rated  with  potash  no  precipitate  appears.  When  nitrate  of 
silver  is  dropped  into  the  solution,  a  sulphur-yellow  precipi- 
tate falls,  well  known  as  an  arsenite  of  silver4  No  expe- 
riments have  been  hitherto  made  to  determine  the  propor- 
tions in  which  the  two  ingredients  are  combined  in  this 
iodide. 


Iodide. 


•  Dr.  John  Davy;  Phil.  Trans.  1812,  p.  186. 
I  Rohlaod;  Scbweigger's  Journal,  xi.  140. 


t  Ibid.  p.  188. 
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V.  Nothing  is  known  respecting  the  combination  of  Onp.  lii. 
arsenic  with  fluorine.  It  does  not  seem  capable  of  uniting  ^""""v"^ 
with  azote, 

VI.  Arsenic  combines  with  hydrogen  and  forms  a  com-  Anenv- 
pound,  which  may  be  caUed  arsenureted  hydrogen  gas.  SiSenpi. 

It  was  discovered  by  Scheele  during  his  experiments  oil 
arsenic  acid*  It  was  afterwards  noticed  by  Proust  during 
his  experiments  on  tin.f  In  the  year  1803»  an  elaborate 
set  of  experiments  on  it  was  published  by  Tromsdorf4  In 
1806,  a  very  valuable  set  of  experiments  was  made  upon  it 
by  Professor  Stromeyer.§  It  was  examined  in  1808  by 
Gay-Lussac  and  Thenard,  during  their  experiments  on 
potassium.  II 

I  do  not  beh'eve  that  it  has  hitherto  been  obtained  in  a 
state  of  purity.  Probably  the  mineral  called  mispickelf 
which  is  an  arsenuret  of  iron,  might  be  employed  with 
advantage  in  the  preparation  of  it.  The  easiest  method 
of  procuring  it,  acconHhg  to  Tromsdorf,  is  to  mix  together 
four  parts  of  granulated  zinc  and  one  part  of  arsenic,  and 
to  treat  them  with  sulphuric  acid  diluted  with  twice  its 
weight  of  water.  Hycbrogen  gas  is  disengaged  in  abun* 
dance,  which,  coming  in  a  nascent  state  in  contact  with 
the  arsenic,  dissolves  it,  and  forms  the  gas  wanted.  Stro- 
meyer,  recommends  an  alloy  composed  of  15  parts  of  tin 
and  1  of  arsenic.  When  this  aUoy  is  digested  in  muriatic 
acid,  the  hydrogen  evolved  carries  off  the  whole  of  the 
arsenic,  and  leaves  the  tin  pure.  Gehlen,  who  fell  a  victim 
to  his  experiments  on  it  1815^  prepared  it  by  heating  arse- 
nic in  an  alkaline  ley, 

Arsenured  hydrogen  gas,  thus  formed,  is  colourless,  has  a 
nauseous  smell,  is  not  sensibly  absorbed  by  water,  extin« 
guishes  flame,  and  destroys  animal  life.  Its  specific  gra-> 
vity,  according  to  Tromsdorf,  is  0*5298,  that  of  air  being 
1 .  Davy  found  it  as  high  as  0*5552.**  But  all  these  gra* 
vities  are  undoubtedly  greatly  below  the  truth. 

It  bums  with  a  blue  flame ;  and  if  the  neck  of  the  vessd 


*  Scheele's  Memoires  de  Chymie,  i,  189. 

t  Ann.  d«Chim.  xxviii.  215.        {  Nichobon*s  Journal,  vi.  SCO, 

§  Nicholson's  Journal,  xix.  381. 

II  Rechercbes  Physico-chimiques,  i.  S39. 

*•  £leiD(ents  of  Chemicsl  PUlo9opby,  p.  456. 
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toook  I.  containing  it  be  narroir,  die  anenie  is  depcwled.  Wbeh 
y^'?'  tvro  parU  of  this  gas,  mixed  with  three  of  oi^gai,  ase 
brought  in  contact  with  a  lighted  taper,  an  ezplcMkii  takes 
places  and  water  and  arsenioos  add  are  formed.  Equal 
parts  of  these  gases  do  not  explode  so  loodly,  but  give  s 
more  vivid  flame.  2  parts  of  this  gas  and  1  of  oxygen 
leave  a  small  residue.  Acoording  to  Strameyer  it  requi^ 
fiyr  combustion  0*72  parts  of  its  bulk  of  osjgen  gas. 

Arsenureted  hydrogen  gas  is  not  altered  by  common  air, 
azotic  gas,  nor  hydrogen.  Nitrous  gas  occasions  a  diminn- 
tion  of  about  two  percent  Solpbureted  hydrogen  gas 
occaaons  no  change  in  it;  bat  if  chlorine  gas  be  added  to 
the  mixture  of  these  two  gases,  the  bulk  diminishes,  and 
yellow-coloured  flakes  are  deposited*  Henoe  these  two 
gases  furnish  us  with  a  delicate  test  Sat  detecting  the  pre- 
sence of  arsenical  hydrogen. 

0»)centrated  nitric  acid,  when  snddenly  mixed  with  this 
gas,  causes  an  evolution  of  red  fiunes,  and  an  explodon 
accompanied  with  flame.    When  the  add  is  diluted,  it 
oxidises  and  removes  the  arsenic,  leaving  the  hydrogen 
pure.    Trommsdor^  to  whom  we  are  indebted  for  all  tbeit 
&ct8,  did  not  succeed  in  analysing  this  gas.     Stromqrer 
analysed  it  by  means  of  nitric  add,  and  found  it  composed 
of  106   parts  arsenic  and    2*19  hydrogen.      Gay-Lussac 
and  Thenard  decomposed  it  by  heating  tin  jdaoed  in  a 
glass  tube  filled  with  the  gas.     100  volumes  of  this  gas, 
when  deprived  of  their  arsenic,  expanded  so  as  to  occupy 
140  volumes.     So  that  the  increase  amounted  tofthsof 
the  original  bulk.     Were  wc  to  suppose  this  experiment 
and  the  analysis  of  Stromcyer  to  be  correct,  it  would  fol- 
low that  the  specific  gravity  of  arsenureted  hydrogen  gas  k 
4*799.     Farther  researches  are  necessary  before  the  con- 
stitution of  this  compound  be  accurately  known.    It  sp- 
pears  from  the  experiments  of  Davy  and  of  Gay-Lussac 
and  llienard,  that  arsenic  and  hydrogen  combine  also  in 
a  solid  form  in  brown  flocks,  which  give  out  arsenureted 
hydrogen  gas  when  heated. 

VII.  We  are  not  acquainted  with  any  combination  of 

arsenic  with  carbon,  boron,  or  silicon. 

Photphu-        VIII.  Arsenic  combines  readily  with  pho^horus.     The 

"^  phosphuret  of  arsenic  may  be  formed  by  distilling  equal 

parts  of  its  ingredients  over  a  moderate  fire.    It  is  black 
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knd  brilliant,  idid-«i;^t  to  be  preserved  in  water.     It  may  Cha^  m. 
be  formed  likewise  fag^  putting  equal  parts  of  phosphorus  ^^--v^-^ 
and  arsenic  into  a  sufficient  quantity  of  water,  and  keeping 
the  mixture  moderately  hdi  for  some  time.* 

IX.  Arsenic  combines  ^adily  with  sulphur.  If  weSulphuie^. 
put  a  mixture  of  these  twofbodiea  into  a  covered  crucible 
and  melt  them,  a  red  vitreous  mass  is  obtained,  which  is 
obviously  a  sulphuret  of  arsenic.  It  may  be  formed  also 
by  heating  together  arsenious  or  arsenic  acid  and  sul- 
phur ;  but  in  that  case  a  portion  of  the  sulphur  absorbs 
the  oxygen  from  the  arsenic,  and  makes  its  escape  in  the 
form  of  sulphurous  acid  gas.t  This  sulphuret  of  arsenic  is 
found  native  in  different  parts  of  Europe.  It  is  usually 
called  realgar.  It  has  a  scarlet  colour,  and  is  often  crys-  Rcilsw* 
tallised  in  transparent  prisms.  Its  specific  gravity  is  3'S3844 
It  is  tasteless,  and  not  nearly  so  hurtful  as  die  oxides  of 
arsenic,  though  Macquer  affirms  diat  it  is  poisonous.  $  It 
is  sometimes  used  as  a  paint. 

If  arsenious  acid  be  dissolved  in  muriatic  acid,  and  a  Orpimeot. 
solution  of  sulphureted  hydrogen  in  water  be  poured  into 
the  liquid,  a  fine  yellow-coloured  powder  falls  to  the  bot- 
tom. This  powder  is  usually  called  orpiment  It  may  be 
formed  by  subliming  arsenic  and  sulphur  by  a  heat  not 
sufficient  to  melt  them.  This  substance  is  found  native.  It 
is  composed  of  thin  plates,  which  have  a  considerable  degree 
of  flexibility.  Its  specific  gravity  is  3*4522.  ||  It  has  been 
supposed  by  some  chemists,  that  orpiment  differs  from  real- 
gar merely  in  containing  a  smaller  proportion  of  sulphur; 
by  others,  that  the  arsenic  exists  in  it  in  the  state  of  an 
oxide;  by  others,  that  it  contains  sulphureted  hydrogen. 
But  Mr.  Proust  has  ascertained,  that  when  heated  suffici- 
ently it  melts  without  emitting  any  gas,  and  on  cooling 
assumes  the  appearance  of  realgar.**  Haiiy  observed  that 
.the  figure  of  their  crystals  is  the  same.  Hence  he  was  led 
to  consider  them  as  different  forms  of  the  same  substance, 
conformably  to  the  opinion  of  ProusLff  ITiis  induced 
Laugier  to  make  a  set  of  experiments  to  elucidate  the  sub- 

*  PeDetier,  Ann.  de  Chim.  xiii.  139. 

t  Prouflt ;  Jour,  de  Phys.  Hii.  94.         t  Hauy*s  Mineralogie,  iv.  S28. 
§  HofffBuo  informs  us^  that  he  gave  two  scruples  of  it  to  a  dag  with- 
out any  bad  effects  whatever.     Observ.  Physico-Chemi co-Select,  p.  S36. 
II  Hauy,  iv.  «35.  ♦•  Jour,  de  Phya.  liii.  94. 

ft  Aim.  (WCMm.lxxxT.  36. 
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SOS  SIMPLE  ocncBmnBLT  * 

look  I.   ject*    The  result  of  his  eiq^eriments  Mr  4imt  stdplrnKt  of 
PimioplL  migenic,  artificially  prepared,  is  commsed  of 

Arsenic  58^  •  • .  •.•  •  •  •  100 
Sulphur 41|-  ..^ 71*4S 

Now  this  e^roadies  to  a  (ompoond  of  1  atom  anouc 
with  2  aUHns  sulphur. 

Native  orpiment  and  realgar  he  fimnd,  when  heited, 
allowed  a  quantity  of  arsenious  acid  to  sublime.  The  sub- 
stance was  then  composed  exactly  as  die  artificial  sulphmret. 
Hence  he  supposes  that  in  these  substanoes,  when  natheb 
there  is  a  oertun  quantity  of  arsenic  or  arsenious  acid 
mechanically  between  their  partioes. 


SECT.  VIII. 

OF   T£LLUBIUM. 


Hitiaor.  L  The  mine  of  Mariahilf,  in  tlie  mountains  of  Fatzbay, 
near  Zalethna,  in  Transylvania,  contains  an  ore  of  a  bluish 
white  colour  and  a  metallic  lustre;  conceniing  the  nature 
of  which  mineralogists  were  for  a  long  time  doubtful. 
That  it  contained  a  little  gold  was  certain ;  but  by  fiur  the 
greatest  part  of  it  consists  of  a  metallic  substance,  which 
some  supposed  to  the  bismuth,  others  antimony.  Muller 
of  Reichenstein  examined  it  in  1782;i  and  concluded, 
from  his  experiments,  that  this  ore,  which  had  been  dis- 
tinguished by  the  names  of  aurtim  problematicuniy  aurum 
paradoxicunif  and  aurum  albutiij  contains  a  new  metal  dif- 
ferent from  every  other.  Being  still  dissatisfied  with  his 
own  conclusions,  he  sent  a  specimen  of  it  to  Bergman;  but 
the  specimen  was  too  small  to  enable  that  chemist  to  dedde 
the  point.  He  ascertained,  however,  thatthe  metal  inquestion 
is  not  antimony.  The  experiments  of  Muller  appeEured  so 
satisfactory,  that  they  induced  Mr.  Kirwan,  in  the  second 
edition  of  his  Mineralogy,  published  in  1796,  to  give  this 
metal  a  separate  place,  under  the  name  of  sylvanite, 
Klaproth  published  an  analysis  of  the  ore  in  1798,  and 

*  AoD.  de  Chim.  Ixxxt.  dd.  t  Bon,  iL  468. 
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oompletdy  confirmed  the  conclusions  of  MoBer.*  To  the  qhap.  in. 
new  metal,  which  constitutes  0*925  of  the  ore,  he  gave  the  ^'^'V^*^ 
name  of  tellurmm;  and  this  name  has  been  generallj 
adopted.  Omelin  examined  the  ore  in  1799  ;t  and  hb 
experiments  coincide  almost  exactly  with  those  of  MuUer 
and  Klaproth.  By  these  philosophers  the  following  pro* 
perties  of  tellurium  have  been  ascertained.  Some  curious 
new  comlMnations  of  tellurium  were  discovered  by  Davy  in 
1809;^  and  a  set  of  important  experiments  were  made  upon 
it  by  Berzelius  in  1812.  $ 

1.  Tellnrium  has  a  bluish  white  colour,    intermediate  Propeitiei. 
between  that  of  zinc  and  lead ;  its  texture  is  laminated  like 
antimony,  and  its  brilliancy  is  considerable. 

2.  Its  hardness  has  not  been  ascertained.  Its  specific 
gravity,  according  to  Klaproth,  is  6'115.  || 

5.  It  is  very  brittle,  and  may  be  easily  reduced  to  powder. 

4.  It  melts  when  raised  to  a  temperature  somewhat 
higher  than  the  fusing  point  of  lead.  If  the  heat  be  in- 
creased a  little,  it  boils  and  evaporates,  and  attaches  itself 
in  brilliant  drops  to  the  upper  part  of  the  retort  in  which 
the  experiment  is  made.  It  is  dierefore,  next  to  mercury 
and  arsenic,  the  most  volatile  of  all  the  metals.  When 
cooled  slowly  it  crystallizes. 

II.  Tellurium  combines  with  only  one  proportion  of 
oxygen,  and  forms  a  compound  possessing  acid  properties. 
It  might  be  called  telluric  acid.  But  as  it  likewise  possesses 
alkaline  properties,  it  will  be  better  to  retain  the  common 
name,  ooade  of  tellurium. 

1.  When  tellurium  is  exposed  to  the  action  of  the  blow-  Oxide, 
pipe  upon  charcoal,  it  takes  fire,  and  bums  with  a  livdy 
blue  flame,  the  edges  of  which  are  green;  and  is  completely 
volatilized  in  the  form  of  a  white  smoke,  which,  according 
to  Klaproth,  has  a  smell  not  unlike  that  of  radishes.** 

This  white  smoke  is  the  oxide  of  tellurinm,  which  may 
be  obtained  also  by  dissolving  the  metal  in  nitro*muriatic 

•  Crell's  Aoaals,  1798,  i.  91.  f  Ibi<i- 1^99,  L  875  and  395. 

I  Phil.  TVant.  1810,  p.  16. 

§  Nicholson's  Journal,  xxxvi.  199.  Unfortunately  thin  paper  of  Bei^ 
oelius  it  so  inaocurateljr  printed  that  in  many  places  it  is  quite  unintelli- 
gible. 

II  MuUer  found  it  6*348 ;  but  probably  his  specimen  was  not  pure. 
**  Omelin  covld  not  perceire  this  iineU. 
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Book  I.  Acid,  ,and  diluting  the  aolution  with  a  gnml  qamtitf  of 
Diyisionii.  ^^^ter.  A  white  powvkr  fidls  to  the  bottom,  whkh  is  the 
^""^^^"^  oxide.  It  may  be  procm^  alfio  by  dissolving  the  meud  in 
nitric  acid,  and  addii^  potash  dowly  till  the  oxide  preci- 
pitates. This  oxide  is  ^sily  melted  by  heat  into  a  straw* 
ccdoured  mass  of  a  radiated  texUure.  When  made  into  a 
paste  with  oil,  and  heated  in  charcoal,  it  is  reduced  to  the 
metallic  state  so  rapidly,  that  a  kind  of  explosion  is  pro- 
duced. It  may  be  volatilised  by  the  application  of  heat 
When  heated  on  a  bit  of  charcoal  before  a  bellows,  it 
becomes  first  yellow,  then  orange,  aod  lastly  erf*  a  fine  red.* 
After  fiision  it  produces  no  change  on  litmus  paper.  Baft 
it  combines  with  the  difierent  bases,  and  forms  with  them 
neutral  salts.  It  dissolves  also  in  adds,  and  forms  neutral 
salts  with  them  likewise. 

According  to  the  experiments  of  KIapit>tb,t  tliis  oxide 
is  composed  of 

Metal     100 
Oxygen  20 

But  Berzelius  found  the  weight  of  oxygen  somewhat 
greater.  According  to  his  experiments,:^  the  oxide  is  com- 
posed of 

Metal     1 00 

Oxvffen  24-8 

If  we  suppose  the  real  quantity  of  oxygen  that  mutes  with 
100  metal  to  be  25,  or  ^^th  of  the  weight  of  the  metal,  and 
that  this  oxide  is  a  compound  of  1  atom  metal  +  1  atom 
oxygen,  then  the  weight  of  an  atom  of  tellurium  will  be  4. 
Chloride.  III.  Tellurium  burns  spontaneously  when  introduced 
into  chlorine  gas.  The  vhlorUle  of  tellimum  formed  i« 
white,  and  semitraiisparent.  When  heated  it  rises  in 
vapour,  and  crystalizes.  Water  decomposes  it,  and  sepa- 
rates a  white  powder  consisting  of  oxide  of  tellurium  united 
to  water  or  hydrated  oxidc^  as  such  compounds  are  called. 
According  to  Davy  ii  is  composed  of 

Tellurium • 2 

Chlorine 1*88 

These  numbers  approach  nearest  to  1  atom  tellurium  and  1 

*  Berzelius ;  Nicholson's  Journal,  xxxvi.  130.       f  Beitrag^  iii.  t^ 
X  Annals  of  Philosophy,  iii.  250. 
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Ittotn  chlorine.     But  they  do  not  entirely  agree  with  that  Chap.  in. 
supposition,*  v— ^^^--^ 

IV.  Iodine  combines  very  readily  with  tellurium  when  the  Iodide, 
two  substances  are  brought  into  contact.     The  solution  in 
water  has  a  dark  purple  red  colour.     It  combines  readily 
witli  potash,  and  forms  a  colourless  solution,  which  yields 

by  evaporation  small  white  prisms.f 

V.  Nothing  is  known  respecting  the  combination  of  tel- 
lurium with  fluorine  or  azote. 

VI.  Tellurium  has  the    property  of  combining  with  TeUureted 
hydrogen,  and  of  forming  a  gaseous  substance,  to  which  **yd''08«» 
the  name  of  tellureted  hydrogen  gas  has  been  given. 

It  was  discovered  by  Sir  Humphry  Davy  in  1809,^  and 
some  experiments  on  it  by  Berzelius  were  published  in 
1813.§ 

It  is  formed  by  mixing  together  oxide  of  tellurium,  pot- 
ash, and  charcoal;  and  exposing  the  mixture  to  the 
action  of  a  red  heat.  It  is  then  put  into  a  retort;  diluted 
sulphuric  acid  is  poured  on  it,  and  the  beak  of  the  retort  is 
plunged  into  a  mercurial  trough.  A  gas  comes  over,  which 
may  be  collected  in  glass  jars  previously  filled  with  mercury. 
This  gas  has  been  but  imperfectly  examined,  owing  to  the  dif- 
ficulty of  procuring  tellurium  in  sufficient  quantity  for  experi- 
mental purposes.  The  following  are  its  properties,  as  far  atf 
they  have  been  ascertained. 

It  is  transparent  and  colourless,  and  possesses  the  mecha- 
nical properties  of  common  air.  It  has  a  strong  peculiar 
smell,  bearing  considerable  resemblance  to  that  of  sul- 
phureted  hydrogen.  It  bums  with  a  bluish  flame,  and 
oxide  of  tellurium  is  deposited.  It  is  soluble  in  water,  and 
gives  that  liquid  a  claret  colour.  Davy  was  not  able  to  de- 
termine whether  it  reddens  vegetable  blues.  But  in  other 
respects  it  possesses  the  properties  of  an  acid,  combining 
with  alkalies,  and  precipitating  most  metallic  solutions  like 
sulphureted  hydrogen.  There  is  reason  to  suspect  that  this 
compound  may  be  fonned  by  heating  tellurium. in  hydrogen 
gas.    Chlorine  gas  immediately  decomposes  it    The  com- 

*  Davy;  Elements  of  Chemical  Philosophy,  p.  409.  - 
t  Ruhland ;  Schweigfrer's  Journal,  xi.  140. 
i  Phil.  Trans.' 1810,  p.  16;  or  ^icholson's  Journal,  xxvi.  333; 
§  NichoIs<»i's  JoutdbI^  xixvi.  1^^ 
VOL.  I.  X 
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Book  I.    pound  of  teUureted  hydrogen  and  potash  is  innnediately. 
Division  II.  decomposed  when  the  solution  of  it  is  eiposed  to  the  air. 
Berzelius  has  endeaToured  to  show  by  indirect  experiments 
that  the  gas  is  a.  compound  of 

Tellurium 100 4 

Hydrogen S'l 0-125 

Supposing  these  proportions  correct,  it  is  obviously  a 
compound  of  1  atom  tellurium  -f  1  atom  hydrogen.  If 
we  suppose  it  to  be  analogous  to  sulphuieted  hydrogen  gas 
in  its  constitution,  which  is  probable,  its  specific  gravity  in 
that  case  will  be  2*3074. 

Ritter,  in  1808,  discovered  that  when  tdlnrium  is  con- 
nected with  the  nq|;ative  pole  of  a  galvanic  battery,  and  the 
circuit  completed  by  dipping  the  telluriam  in  water,  a  brown 
powder  is  formed,  which  i^pcars  tobe  a  solid  compound  of 
tellurium  and  hydrogen. 

VII.  It  would  iq)pear,  from  an  experiment  of  Berzelius, 
that  tellurium  is  capable  of  combining  with  caibon**  The 
compound  is  a  black  powder;  but  its  properties  have  not 
been  examined. 

VIII.  No  experiments  have  been  made  on  the  combina- 
tion of  tellurium  with  boron,  silicon,  or  phoq>hortts.  It 
may  be  combined  with  sulphur  by  fiision.  Hie  sulphuret 
has  a  leaden  grey  colour,  and  a  radiated  texture.  On  red- 
hot  coals  it  burns  with  a  green  flamcf 


SECT.  IX. 

OF  OSMIUM. 


Osmium  has  been  liitherto  so  imperfiK^ly  examined  that 
we  are  not  sufficiently  acquainted  with  its  characters  to  be 
able  to  assign  it  a  proper  place  in  a  chemical  arrangement. 
The  great  volatility  of  its  oxide,  its  solubili^  in  wnter,  and 
its  property  of  uniting  witli  alkalies,  leads  to  the  su^icion 
that  it  is  analogous  to  the  substances  placed  under  this 

*  Nicholson's  Journily  uoivi.  1SS. 
t  KUproth's  BeitragCy  iii.  IS. 
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geniiB.     But  future  expcrimoits  must  dttermine  whether  Oup.  in. 
this  suspicion  be  wdll  or  ill  iimiided*  v— ^^,^— >* 

For  the  discovery  of  this  very  singular  metallic  substance  Disoovt^. 
we  are  indebted  to  Mr.  Tennant;  Fourcroy  and  Vauqueliny 
indeed,  observed  some  of  its  most  remarkable  properties^ 
but  they  confounded  it  with  iridium. 

Osmium  is  separated  from  iridium  by  the  process  de* 
scribed  when  treating  of  iridium,  and  obtained  in  the  alki^ 
line  solution,  to  which  it  communicates  a  jeUow  colour. 
When  the  alkaline  solution  is  first  formed)  a  pungent  and 
peculiar  smell  is  perceived,  which  Fourcroy  and  Vauquelin 
compare  to  that  of  oxymuriatic  add.  As  this  smell  con- 
stitutes one  of  the  most  remarkable  properties  of  the  metals 
lie  oidde,  Mr  Tennant  was  induced  by  it  to  call  the  metal 
osmium, 

L  To  obtain  the  oxide  in  a  separate  states  we  have  only  How  ob- 
to  mix  sulphuric  acid  with  the  alkaline  solution,  and  distil  ^*'"^* 
with  a  moderate  heat.     A  colourless  liquid  comes  over, 
consisting  of  the  oxide  dissolved  in  water.    'This  liquid  has 
a  sweetish  taste  and  a  strong  smelL     It  does  not  give  a  red 
colour  to  vegetable  blues. 

The  oxide  of  osmium  may  be  obtained  also  in  a  mcnre 
concentrated  state  by  distUling  the  black  powder  from 
crude  platina  with  nitre.  With  a  degree  of  heat  under 
redness,  there  sublimes  into  the  neck  of  the  retort  a  fluid 
apparently  oily,  but  which  on  cooling  concretes  into  a  solid 
semi-transparent  mass,  soluble  in  water;  and  the  scdution 
exhibits  the  same  properties  as  that  obtained  by  the  preced- 
ing process. 

When  mercury  is  shaken  in  either  of  these  solutions,  they 
lose  their  peculiar  smell ;  and  the  osmium,  reduced  to  the 
metallic  states  forms  an  amalgam  with  the  mercury.  By 
distilling  the  mercury  from  this  amalgam^  the  osmium 
remains  in  a  state  of  purity. 

It  has  a  dark  grey  or  blue  colour,  and  the  metallic  lustre.  Fropenief. 
When  heated  in  the  open  air,  it  evaporates  with  the  usual 
smell ;  but  in  close  vessels,  when  the  oxidizement  is  pre* 
vented,  it  does  not  tqppear  in  the  least  volatile. 

When  subjected  to  a  strong  white  heat  in  a  charcoal 
crucible^  it  did  not  melt  nor  undergo  any  apparent  altera* 
tion. 

Jt  is  not  acted  upon  by  any  acid,  not  even  the  nitro»mmri* 
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Book  I.     atic,  after  ei^osure  to  heat ;  but  when  heated  with  potash 
DiviiiwOl.  j^  combines  with  that  alkali,  and  forms  with  it  an  orange- 

^""^^^"^  yellow  solution* 

Oxides.  II.  The  ftcility  with  which  osmium  is  oxidized  when 

heated  in  the  open  air,  or  when  fiised  witli  potash,  though 
it  resists  ihc  action  of  acids,  forms  one  of  the  singuUur  cha- 
racters of  this  metal.  In  these  respects  osmium  differs 
from  all  other  metallic  bodies. 

The  great  volatility  of  this  oxide,  its  peculiar  smell,  its 
solubility  in  water,  its  sweet  taste,  and  the  yellow  colour 
which  it  assumes  with  potash,  are  not  less  anomalous. 

Its  solution  stains  the  skin  of  a  dark  colour,  which  cannot 
be  effaced.  The  infusion  of  galls  immediately  produces  s 
purple  colour,  becoming  soon  after  of  a  deep  vivid  blue- 
By  this  means  a  mixture  of  iridium  and  osmium  may  be 
easily  detected.  The  solution  of  iridium  is  not  apparently 
altered  by  being  mixed  with  the  oxide  (rf*  osmium ;  but  on 
adding  an  infusion  of  galls,  the  red  colour  of  the  first  is 
instantly  taken  away,  and  soon  after  the  purple  and  blue 
colour  of  the  latter  appears. 

When  alcohol  or  ether  is  mixed  with  the  solution  of 
oxide  of  osmium  in  water,  the  colour  becomes  dark,  the 
oxide  is  reduced,  and  the  osmium  precipitates  in  black 
films. 

This  oxide  appears  to  part  with  its  oxygen  to  all  the  metals 
excepting  gold  and  platinum.  Silver,  being  kept  in  a  solu- 
tion of  it  for  some  time,  acquires  a  black  colour ;  but  does 
not  entirely  deprive  it  of  smell.  Copper,  tin,  zinc,  and 
phosphorus,  quickly  produce  a  black  or  grey  powder,  and 
deprive  the  solution  of  all  smell,  and  of  the  power  of  turn- 
ing galls  of  a  blue  colour.  This  black  powder,  which 
consists  of  the  osmium  in  a  metallic  state  and  the  oxide  of 
the  metal  employed  to  precipitate  it,  may  be  dissolved  in 
nitro-muriatic  acid,  and  then  becomes  blue  with  infusion  of 
galls. 

III.  The  action  of  the  simple  combustibles  on  osmium 
has  not  been  tried. 
Alloys.  IV.  Neither  do  we  know  much  of  its  combination  with 

metals.  It  amalgamates  with  mercury.  Heated  with 
copper  and  with  gold  in  a  charcoal  crucible,  it  melted  with 
each  of  these  metals,  forming  alloys  which  were  quite  msl- 
laable.    These  compounds  were  easily  dissolved  in  nitro- 
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muriatic  acid,  and,  by  distilladon,  afforded  the  oxide  of  Chap.  in. 

osmium  with  the  usual  properties.* 

/    Vauquelin  has  lately  examined  the  properties  of  osmiuuLf 

He  has  confirmed  the  experiments  of  Tennant ;  but  was 

possessed  of  too  small  a  quantity  of  the  metal  to  be  able  to 

add  much  to  the  chemical  description  of  it. 


Such  are  the  properties  of  the  first  genus  of  simple 
combustible  bodies.  They  are  remarkable  for  the  great 
number  of  combinations  into  which  they  enter,  and  the  im- 
portant nature  of  many  of  the  substances  formed  either  by 
their  union  with  each  other  or  with  the  simple  supporters. 

1.     We  have  found  reason  to  conclude  that  the  weight  of  Weight  of 
:^e  atoms  of  these  bodies  may  be  represented  by  the  follow-  *««««»* 
ing  numbers,  supposing  the  weight  of  an  atom  of  oxygen  to 
bel. 

Hydrogen 0*125  Phosphorus  ...  1-5 

Carbon 0*75  Sulphur 2 

Boron 0-875  TeUurium  ....  4 

Silicon i-  Arsenic 4*75 

These  numbers  are  important ;  because  they  represent  the 
proportions  according  to  which  these  bodies  enter  into  com- 
binations. They  are  all  aliquot  parts  of  0*125,  which 
represents  the  atom  of  hydrogen.  If,  therefore,  we  repre- 
sent the  weight  of  an  atom  of  hydrogen  by  1,  the  following 
numbers  will,  in  that  case,  be  the  weight  of  the  atoms  of  the 
respective  bodies : 

Hydrogen 1  Phosphorus ...  12 

Carbon 6  Sulphur 16 

Boron 7  Tellurium  ....  32 

Silicon 8  Arsenic 38 

This  is  the  mode  of  representing  these  atoms,  which  Mr. 
Dalton  has  chosen. 

Of  these  weights  that  of  boron  and  of  silicon  are-  the 
least  certain  ;  because  we  know  only  one  compound  which 
they  form  with  oxygen.     In  the  present  state  of  our  know- 

*  All  the  facts  in  this  Section  were  ascertained  by  Mr.  Tennant.  It 
was  impossible  to  ase  the  experiments  of  the  French  chemists^  because 
they  have  confoimded  iridium  and  osmium. 

t  Ann.  de  Cbim.  Ixixix.  S41. 
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Booki.   ledger   howefWf  the  w^^ht  of  an  atom  of  boron  and 

y^*^"  M'  silicon  is  of  coniparati?djr  little  consequence.     The  woghts 

^"^^^^"^  of  boracic  acid  and  tilicat  the  rabetances  which  enter  into 

these  combinations  with  which  we  are  acquainted,  are  much 

more  important    They  have  been  determined  with  much 

more  precision,  and  axe  as  filUows : 

Boracic  acid 2*875 

Silica 200 

Con-  2.  All  of  these  bodies  comlnne  with  oxygen,  some  of 

JJ^^^^.    them  with  only  one  proportion ;  others  with  two,  and  some 
ccti»  with  three  of  that  substance.    This  will  be  seen  by  the  fol- 

lowing table: 


Hydrogen     *:;?     1  ^KtSJi       Water 
j^  j^  rCsrbonic 

"™" ' Icubnieacid 

B— «  &1^' 

Silicon 1 SSica 

r  Hypc^hosphocoos  add 
Pho^horus 3 \  Pno^morous  add 

L  Hiosphoric  add 

rHyposuIpfaarDDs  acid 
Sulphur d <  Stupboroos  add 

L  Sulphuric  add 

^"^^ 2 ^JStdd" 

Tellurium l Oxide  of  tdlurium 

We  see  that  they  are  all  capable  of  forming  adds  with 
oxygen,  excepting  hydrogen,  which  forms  the  neutral  com* 
pound,  water. 

The  order  of  thdr  aflSnities  for  oxygen  at  a  red  heat, 
which  seems  necessary  to  promote  the  action,  is  as  ipllows ; 

« 

Oxygen 

Silicon 

Hydrogen 

Carbon 

Boron 

Phosphorus 
Sulphur 
Arsenic 
Tellurium 
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In  this  table  the  substances  placed  nearest  oxygen  have  the  Chap.  iii. 
property  of  separating  that  principle  from  all  those  below  ^— V"' 
them. 

3.  They  are  all  oqpable  of  combining  with  chlorine;  with dilo- 
except  carbon.     With  respect  to  silicon,  indeed,  no  expe*  '^H 
riments  have  hitherto  been  made.     The  foUowing  table 
exhibits  the  number   of   such    combinations  at    present 
known: 

Hydrogen  5SSJ*£  1  'SSiJ"    Muriatic  acid 

Carbon 0 

Boron 1 Chloride  of  boron 

Silicon Unknown 

!"«"pfc»™ « {pSSSSS^Sfc'" 

Sulphur 1 Chloride  of  sulphur 

Arsenic 1 Chloride  of  arsenic 

Tellurium 1 Chloride  of  tellurium 

Doubtless  many  blanks  remain  in  these  combinations  to 
be  filled  up. 

With  respect  to  the  order  of  afiinities  of  these  bodies  for 
chlorine  we  know  but  little.  Hydrogen  seems  capable  of 
depriving  most  of  them  of  chlorine  at  a  moderately  high 
temperature.  But  a  sufficient  number  of  experiments  has 
not  yet  been  made  on  the  subject 

4.  They  are  all  citable  likewise  of  combining  with  iodine^  With 
except  carix>n.     Upon  boron  and  silicon  no  experiments  *^*^^» 
have  been  made.    The  following  table  shows  these  combi- 
nations as  far  as  known: 


Hydrogen    Jjj,.    1    1322!?^  Hydriodic  acid 

Carbon 0 

Boron Unknown 

Silicon    ....     Unknown 

nu      I.  />  r  Protiodide  of  phosphorus 

Phosphorus 2 \Periodide  of  phosphorus 

Sulphur 1 . .  •  ^  •  •     Iodide  of  sulphur 

Arsenic  . .  • 1 Iodide  of  arsenic 

Telliurium 1 Iodide  of  tellurium 

We  see  from  this  table  that  the  combinations  of  iodine 
and  chlorine  with  these  bodies  are  exactly  analogous. 
We  have  no  data  to  determine  the  affinities  of  these  di£^ 
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Book  I.    ferent  bodies  for  iodine.    Hydrogen  will  probably  be  found 
W^ionlL  ^Q  jj^yg ^ijg  strongest. 

yn^b^^'^      5.  Only  three  of  these  bodies  are  known  at  present  to  com- 
fluMine.     \)ine  with  fluorine,  and  th^  all  form  with  it  very  powerful 
acids*     These  ore 

Hydrogen  forming  Fluoric  add 

Boron Fluoboric  acid 

Silicon Fluoulicic  acid. 

No  experiments  have  been  hitherto  made  on  the  comUnadoo 
of  the  other  bodies  with  fluorine.  The  affinities  of  these 
bodies  for  fluorine  seem  to  follow  an  order,  the  inverse  of 
that  in  which  they  stand  in  the  preceding  table. 

6.  All  these  bodies  have  the  property  of  combining  with 
hydrogen,  and  of  forming  with  it  a  permanently  elastic  Bvdd, 
On  silicon,  indeed,  no  experiments  have  been  hitherto 
made.  But  we  have  every  reason  from  analogy  to  conclude 
that  a  gaseous  compound  of  silicon  and  hydrogen  will  be 
hereafter  discovered.  None  of  the  other  simple  combusti-i 
bles  have  this  remarkable  property.  Two  of  these  gaseous 
combinations  possess  acid  properties;  namely f  sulpkureted 
fiydrogen  gas  and  tellureted  hydrogen  gas.  The  otliers  arc 
destitute  of  acidity. 

7«  But  few  experiments  have  been  hitherto  made  upon  the 
compounds  which  the  lost  seven  of  these  substances  are  capa- 
ble of  making  with  each  other.  The  &cts ascertained  have 
been  detailed  in*  the  preceding  sections. 

8,  Hydrogen  and  carbon  are  capable  of  combining  with 
azote,  and  forming  ammonia  and  cyanogen,  two  gaseous 
bodies;  the  first  of  which  possesses  the  properties  of  aQ 
alkali ;  the  second  of  a  supporter  of  combustion. 

9.  Thus  the  eight  bodies  described  in  the  eight  preceding 
sections  are  distinguished  from  all  the  other  simple  combus« 
tibles  by  two  remarkable  properties. 

I.  They  all  form  acids  by  uniting  with  the  supporters  of 
combustion. 

II.  They  arc  all  capable  of  entering  into  gaseous  combi? 
nations  with  hydrogen.* 

•  If  silicon  be  an  exception,  we  must  add  or  a  simpie  ivpporier  ^ 
€iombu$tiim. 
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Neither  of  the  two  following  genera  possess  these  pro-  Chap.  iii. 


perties. 


GENUS   II.      ALKALIFIABLE   COMBUSTIBLES 


All  the  substances  belonging  to  this  genus  are  solids,  and  are 
usually  distinguished  by  the  name  of  metals.  They  have 
the  property  of  uniting  to  oxygen,  and  forming  with  it  com- 
pounds capable  of  neutralizing  acidsj  and  of  constituting 
salts.  Now  such  bodies  are  called  alkalies.  All  the  salifi- 
able bases  are  formed  from  substances  belonging  to  this 
genus.  The  only  exception  is  oxide  of  tellurium^  which 
possesses  both  the  properties  of  an  acid  and  an  alkali. 
Tellurium,  therefore,  constitutes  an  intermediate  substance 
between  this  genus  and  the  preceding,  though  it  is  more 
closely  connected  with  the  preceding  genus. 

I.  Metals  may  be  considered  as  the  great  instruments  Propcrcies 
of  all  our  improvements :  Without  them,  many  of  the  arts  °  "^ 
and  sciences  could  hardly  have  existed.  So  sensible  were 
the  ancients  of  their  great  importance,  that  they  raised  those 
persons  who  first  discovered  the  art  of  wotking  them  to  the 
rank  of  deities.  In  chemistry,  they- have  always  filled  a 
conspicuous  station :  at  one  period  the  whole  science  was 
confined  to  them ;  and  it  may  be  said  to  have  owed  its  very 
existence  to  a  rage  for  making  and  transmuting  metals. 

1.  One  of  the  most  conspicuous  properties  of  the  metals  Lustre, 
is  a  particular  brilliancy  which  they  possess,,  and  which  has 
been  called  the  metallic  lustre.     There  are  other  bodies 
indeed   {tnica  for  instance)  which  apparently  possess  this 
peculiar  lustre;  but  in  them  it  is  confined  to  the  siiriace, 

and  accordingly  disappears  when  they  are  scratched  i 
whereas  it  pervades  every  part  of  the  metals.  This  lustre 
is  occasioned  by  their  reflecting  much  more  light  thaA  any  • 
other  bodies ;  a  property  which  seems  to  depend  partly  on 
the  closeness  of  their  texture.  This  renders  them  peculiarly 
proper  for  mirrors,  of  which  they  always  forjn  the  basis. 

2.  They  are  perfectly  opaque,  or  impervious  to  light,  Opacitj. 
even  after  they  have  been  reduced  to  very  thin  plates.  Silver 

leaf,  for  instance,  ■,  ^o\ki6  of  an  inch  thick,  does  not  permit 
the  smallest  ray  of  light  to  pass  through  it.  Gold,  however, 
w|icn  very  thin,   is  not  absolutely  opaque:  fpf  gold  leiU" 
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Book  I.    Tnnnnr  ^  ^  '^^  A*ck,  when  held  between  theqfeand 

Dmsionll.  ^^  jj^j^^  appears  of  a  lively  green ;  and  must  thereEm,  as 
Newton  first  remarked,  transmit  the  green  colomred  rays. 
It  is  not  improbable  that  all  other  metals,  an  the  same  pU- 
losopher  supposed,  would  also  transmit  light  if  they  could 
be  reduced  to  a  sufficient  degree  of  thinness.  It  is  to  this 
opacity  that  a  part  of  the  excellaice  of  the  metals^  as  mir- 
rors, is  owing;  their  brilliancy  alone  would  not  qiis% 
them  for  that  purpose. 

Futibaity.  S.  They  may  be  melted  by  the  application  of  heat,  and 
even  then  still  retain  their  opacity.  This  property  enaUa 
us  to  cast  them  in  moulds,  and  then  to  give  them  any  shape 
we  please.  In  this  manner  many  elegant  iron  ut«8ils  are 
formed.  Different  metals  dififer  exceedingly  from  each 
other  in  their  fusibility.  Mercury  if  so  yerj  fbsihle^  that  it 
is  always  fluid  at  the  ordinary  tempentme  oi  the  atmos- 
phere ;  while  other  metals,  as  platiaum,  cannot  be  melted 
except  by  the  most  violent  heat  whidi  it  is  potable  to 
produce. 

Weight.  4.  Their  specific  gravity  is  exceedingly  various,  more  so 

indeed  than  that  of  any  other  class  of  bodies  at  present 
known.  The  greater  number  of  them  are  heavier  than  any 
other  known  substances.  This  indeed,  tiU  very  hitely,  was 
considered  as  a  character  belonging  to  diem  alL  But 
several  very  singular  metals,  discovered  by  Davy,  are 
rot  so  heavy  as  water,  and  of  course  much  lighter  than 
most  stony  bodies.  Platimim,  the  heaviest  of  the  metals,  is 
21*5  times  heavier  than  water ;  while  the  specific  gravity  of 
potassium  is  little  more  than  O'G,  tliat  of  water  bong  1. 

Conducting      5.  Thcy  arc  the  best  conductors  of  dectricity  of  all  the 

P^*""-        bodies  hitherto  tried. 

Hardness.  6,  None  of  the  metals  is  very  hard;  but  some  of  them 
may  be  hardened  by  art  to  such  a  degree  as  to  exceed  the 
hardness  of  almost  all  other  bodies.  Hence  the  numerous 
cutting  instruments  which  the  modems  make  of  steel,  and 
which  the  ancients  made  of  a  combination  of  copper  and 
tin. 

Elasticity.  7^  t^\^q  elasticity  of  the  metals  depends  upon  their  hard- 
ness ;  and  it  may  be  increased  by  the  same  process  by  whidi 
their  hardness  is  increased,  llius  the  steel  of  which  the 
balance-springs  of  watches  is  made  is  almost  perfectly  elastic, 

1 
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though  iron  in  its  natural  state  possesses  but  little  elas-  Chap.  III. . 
"ticity.  V— v'— • 

8.  But  one  of  their  most  important  properties  is  mallear  Mtlleibi- 
bilityj  by  whicli  is  meant  the  capacity  of  being  extended   ^* 
and  flattened  when  struck  with  a  hammer.    This  property, 
which  is  peculiar  to  metals,  enables  us  to  give  the  metallic 

body  any  form  we  think  proper,  and  thus  renders  it  easy  for 
us  to  convert  them  into  die  various  instruments  for  which 
we  have  occasion.  All  metals  do  not  possess  this  property; 
but  it  is  remarkable  that  almost  all  those  which  were  known 
to  the  ancients  have  it.  Heat  increases  this  property  con- 
siderably. Metals  become  harder  and  denser  by  being 
hammered. 

9.  Another  proper^,  which  is  also  wanting  in  many  Ductility, 
of  the  metals,  is  ductility  ;  by  which  we  mean  the  capacit)' 

of  being  drawn  out  into  wire  by  being  forced  through  holes 
of  various  diameters. 

10.  Ductility  depends,    in  some  measure,    on  another  Tcnacitr. 
property  which  metals  possess,  namely  tenacity  ;  by  which 

is  meant  the  power  which  a  metallic  wire  of  a  given  diameter 
has  of  resisting^  without  breaking,  the  action  of  a  weight 
suspended  from  its  extremity.  Metals  differ  exceedingly 
from  each  other  in  their  tenacity.  An  iron  wire,  for 
instance,  ^th  of  an  inch  in  diameter,  will  support,  witliout 
breaking,  about  5pOlb.  weight ;  whereas  a  l^d  wire,  of  the 
same  diameter,  will  not  support  above  29lb. 

The  bodies  belonging  to  this  genus  are  27  in  number, 
and  they  may,  I  tbi^  be  subdivided  into  five  different  ffr- 
milies  or  groups. 

FAMILY  I. 

The  substances  bdcmging  to  this  family  are  six  in  num- 
ber.   Their  names  are  as  follows : 

1.  Potassium  4.  Barium 

2.  Sodium  5.  Strontium 

3.  Calcium  6.  Magnesium. 

The  combinations  of  these  bodies  with  oxygen  possess 
the  alkaline  properties  in  the  greatest  perfection,  lliey  all 
convert  vegetable  blues  to  green.  They  are  all  soluble  in 
water  except  the  oxide  of  magnesium. 
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Book  I. 
Division  II.  SECT.  I. 

OF  POTASSIUM. 

Method  of  If  a  sufficient  qaantity  of  wood  be  burnt  to  ashei,  and  tbm 
P'^^^S  ashes  be  afterwards  washed  repeatedly  with  water  till  it  comes 
off  free  from  any  tafete,  and  if  this  liquid  be  filtrated  and 
evaporated  to  dryness,  the  substance  which  remains  behind 
is  potash  ;  not,  however,  in  a  state  of  purity,  for  it  is  oonta* 
minatcd  with  several  other  substances,  but  sufficiently  pure 
to  exhibit  many  of  its  proi>ertie8.  In  this  state  it  occurs  in 
conmicrce  under  the  name  of  potash.  When  heated  to 
redness,  many  of  its  impurities  are  burnt  off:  it  becomes 
much  whiter  than  before,  and  is  then  known  in  commerce 
by  the  name  o( pearl-ash.  Still,  however,  it  is  contaminated 
with  many  foreign  bodies,  and  is  itself  combined  with  car- 
bonic acid  gas,  which  blunts  all  its  properties.  It  may  be 
obtained  perfectly  pure  by  the  following  process : 

1.  Mix  it  with  twice  its  weight  of  quicklime,  and  ten 
times  its  weight  of  pure  water :  boil  the  mixture  for  some 
hours  in  a  clean  iron  vessel,  or  allow  it  to  remain  for  48 
hours  in  a  close  glass  vessel,  shaking  it  occasionally.  Then 
pass  it  through  a  filter.  Boil  the  liquid  obtained  in  a  silver 
vessel  very  rapidly,  till  it  is  so  much  concentrated  as  to 
assume  when  cold  the  consistence  of  honey.  Then  pour 
upon  it  a  quantity  of  alcohol  equal  in  weight  to  one-third  of 
the  pearl-ash  employed.  Shake  the  mixture,  put  it  on  the 
fire,  let  it  boil  for  a  minute  or  two,  then  pour  it  into  a  glass 
vessel,  and  cork  it  up.  The  solution  gradually  separates 
itself  into  two  strata :  the  lowest  consists  of  the  impurities, 
partly  dissolved  in  water  and  partly  in  a  solid  state;  the 
uppermost  consists  of  the  pure  potash  dissolved  in  alcohol, 
and  is  of  a  reddish-brown  colour.  Decant  this  alcohol 
solution  into  a  silver  basin,  and  evaporate  it  rapidly  uU  a 
crust  forms  on  the  surface,  and  the  liquid  bdow  acquires 
such  consistence  as  to  become  solid  on  cooling.  Then  pour 
the  solution  into  a  porcelain  vessel.  When  cold,  it  concretes 
into  a  while  substance,  which  is  pure  potash.  It  must  be 
broken  to  pieces,  and  put  into  an  air-tight  phial. 

For  this  process  we  are  indebted  to  Berthollet*    The 

•  Jour,  de  Pliys.  xxviii,  401. 
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fellowlngy  which  was  first  proposed  by  Lowitz  of  Peters-  Chap.  IIL 
burgh,  is  less  expensive.  The  potash  of  commerce  and 
quicklime  are  to  be  boiled  together,  as  above  described* 
The  filtered  liquor  is  then  to  be  evaporated  till  a  thick  pelli- 
cle appears  on  its  sur&ce,  and  afterwards  allowed  to  cool; 
and  all  the  crystals  which  have  formed  are  to  be  separated, 
for  they  consist  of  foreign  salts.  The  evaporation  is  then  to 
be  continued  in  an  iron  pot ;  and,  during  the  process,  the 
pellicle  which  forms  on  the  surface  is  to  be  carefiilly  taken 
off  with  an  iron  skimmer.  When  no  more  pellicle  appears, 
and  when  the  matter  ceases  to  boil,  it  is  to  be  taken  off  the 
fire,  and  must  be  constantly  agitated  with  an  iron  spatula 
while  cooling.  It  is  then  to  be  dissolved  in  double  its  own 
weight  of  water.  This  solution  is  to  be  filtered  and  evapo* 
rated  in  a  glass  retort  *  till  it  begins  to  deposite  regular 
crystals.  If  the  mass  consolidates  ever  so  litde  by  cooling, 
a  small  quantity  of  water  is  to  be  added,  and  it  must  be 
heated  again.  When  a  sufficient  number  of  crystals  have 
been  formed,  the  liqtior  which  swims  over  them,  and  which 
has  assumed  a  very  brown  colour,  must  be  decanted  o&\  and 
kept  in  a  well-closed  bottle  till  the  brown  matter  has  sub- 
sicled,  and  then  it  may  be  evaporated  as  before,  and  more 
crystals  obtained. t 

A  still  simpler  method  is  employed  by  Klaproth.  He 
boils  equal  parts  of  salts  of  tartar  (carbonate  of  potash  pre- 
pared from  tartar),  and  Carrara  marble  or  oyster  shells, 
burnt  to  lime,  with  a  sufficient  quantity  of  water,  in  a 
polished  iron  kettle.  The  ley  is  then*  strained  through 
clean  linen,  and  though  still  turbid,  is  reduced  by  boiling, 
till  it  contain  about  one  half  its  weight  of  potasli.  It  is  then 
passed  a  second  time  through  a  linen  cloth^  and  set  by  in  9 
glass  bottle.  After  some  days,  when  the  ley  has  become 
clear  of  itself,  it  is  decanted  off  from  the  sediment  into  ano- 
ther bottle4 

That  potash  was  known  to  the  ancient  Gauls  and  Ger- 
mans cannot  be  doubted,  as  they  were  the  inventors  of  soap, 
which,  Pliny  informs  us,  they  composed  of  ashes  and  tallow. 
These  ashes  (for  he  mentions  the  ashes  of  the  beech-tree 

*  Dr.  Kennedy  observes,  very  justly,  that  a  glass  retort  ought  not  to  be 
ieoiployed,  because  potash  in  this  state  dissolves  glass.  £din.  Trans.  ▼.  97. 
f  Nicholson's  JounfiU,  i.  164. 
X  Kiaproth's  Btitrage,  i.  Preface,  p.  10. 
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Book  I.  particularly)  were  nothing  dsebut  potash;  not,  however,  in 
Division  U.  ^  jj^^  Qf  purity.*  The  Mofut^  too>  mentioned  by  Aristo- 
phanes and  PliUo,  appears  to  have  been  a  ley  made  of  the 
same  kind  of  ashes.  The  alchymists  were  well  acquainted 
with  it ;  and  it  has  been  in  every  period  very  much  em- 
ployed in  chemical  researches.  It  may  be  said,  however, 
with  justice,  that  till  Berthollet  published  his  process  in  the 
year  1786,  chemists  had  never  examined  potash  in  a  state 
of  complete  puri^.t 
Properties  2.  Potash  is  a  britde  substance  of  a  white  colour,  and  a 
^  '  smell  resembling  that  which  is  perceived  during  the  dacking 
of  quicklime.  Its  taste  is  remarkably  acrid;  and  it  is  so 
exceedingly  corrosive^  that  when  applied  to  any  part  of  the 
body,  it  destroys  it  almost  instantaneously.  On  account  of 
this  property,  it  has  been  called  caustic,  and  is  often  used  by 
surgeons,  under  the  name  of  xhe  potential  cautery,  to  open 
abscesses,  and  to  destroy  useless  or  hurtful  excrescences. 
Its  specific  gravity  is  1*7085.^ 
How  do-  3.  When  potash  is  perfectly  dry  it  ia  a  non-conductor  of 
composed,  electricity,  but  it  becomes  a  conductor  when  slightly  moist- 
ened on  the  surface,  a  degree  of  mobture  which  it  acquires 
by  being  exposed  for  a  few  seconds  to  the  atmosphere. 
When  pieces  of  potash  in  this  state  are  placed  upon  a  disc 
of  platinum  attached  to  the  negative  end  of  a  powerful  gal- 
vanic battery,  and  a  platinum  wire  fi'om  the  positive  extre- 
mity is  made  to  touch  its  upper  surfSice^  the  potash  is  gra- 
dually decomposed,  oxygen  gas  separating  at  the  extremity 
of  the  positive  wire,  while  globules  of  a  white  metal  like 
mercury  appear  at  the  side  in  contact  with  the  platinum 
disc.  A  number  of  accurate  experiments  demonstrated  to 
8ir  H.  Davy  that  these  globules  were  the  basis  of  potash, 
and  that  they  were  converted  into  potash  by  absorbing 

'   Plinli  lib.  xviii.  c.  51. 

t  Potash  was  long  distinguished  bj  the  name  of  vegetable  alkaliy  be- 
cause it  is  obtained  from  vegetables,  and  because  it  was  long  thought  to 
bo  peculiar  to  the  vegetable  kingdom ;  but  this  is  now  knowD  to  be  a 
mistake.  It  was  called  also  salt  of'  tartar,  because  it  may  be  obtained  by 
burning  the  salt  called  tartar.  Mr.  Kirwan  has  giren  it  the  name  of 
tartarin;  Klaproth,  kali;  and  Dr.  Black,  lixiva.  By  most  British 
chemists  it  is  called  potath ;  but  this  term,  in  common  kmgaage,  sig- 
nifies the  carbonate  of  potash,  or  the  potash  of  commerce. 

t  Uassenfratz,  Ann.  de  Chim.  xxviii.  11. 
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oxygen.  Tliis  brilliant  discovery  was  made  in  the  year  Chap.  in. 
1807.*  To  the  metallic  basis,  thus  discovered,  Davy  gave  ^— v-'-' 
the  name  of  potassium.f 

Soon  after  Gay-Lussac  and  Thenard  discovered  that 
potassium  could  be  obtained  in  greater  quantities  by  passing 
potash  through  iron  turnings,  heated  to  whiteness  in  a  gun-« 
barrel  covered  on  the  outside  with  clay  to  protect  it  firom 
the  action  the  fire.^  This  difficult  process  was  improved 
by  Mr.  Smithsou  Tennant  in  i814.§ 

The  properties  of  potassium  were  ascertained  with  much 
industry  and  sagacity  by  Sir  H.  Davy.||  They  were  like- 
wise examined  with  much  care  by  Gay-Lussac  and  Thenard, 
who  corroborated  the  fiicts  determined  by  Davy,  and  added 
some  important  ones  of  their  own.** 

Potassium  is  whiter  and  it  has  the  metallic  lustre  as  com*  Properties 
pletely  as  silver  or  mercury.  At  the  temperature  of  50®  it  if  jf„^J^ 
a  soft  and  malleable  solid.  Its  fluidity  becomes  perfect  at 
1364^,  ^^^  A^  ^^^  i^  ^s  ^^d  and  brittle,  and  when  broken  in 
fragments  exhibits  a  crystalline  structure.  Nearly  a  red 
heat  is  required  to  convert  it  into  vapour.  Its  specific  gra- 
vity at  60^  is  0*865079  so  that  it  is  lighter  than  water.  It  is 
an  excellent  conductor  of  electricity  and  of  heat 

IJ.  When  potassium  is  exposed  to  the  air,  it  absorbs  Oxides. 
oxygen,  and  is  covered  with  a  crust  of  potash  in  a  few 
minutes.  This  crust  absorbs  water,  which  is  rapidly  decom- 
posed, and  in  a  short  time  the  whole  becomes  a  isaturated 
solution  of  potash.  When  heated  in  oxygen  gas  to  the 
temperature  at  which  it  b^ns  to  evaporate,  it  bums  with  a 
brilliant  white  light  proilucing  intense  heat. 

When  thrown  upon  the  surface  of  water  it  decomposes 
that  liquid  with  rapidity,  and  the  hydrogen  gas  evolved, 
carrying  with  it  small  particles  of  the  metal,  takes  fire  in 
the  air,  and  communicating  the  combustion  to  the  potas- 
sium, the  whole  burns  with  a  kind  of  explosion. 

Potassium  combines  with  two  proportions  of  oxygen  and 
forms  two  compounds,  which  have  received  the  names  of 
potash  and  peroxide  of  potassium. 

*  Davy  has  given  a  detailed  account  of  it  in  Phil.  Trans.  1808. 
t  The  German  and  Swedish  chemists  call  it  kaliwn. 
X  This  process  is  described  at  length  in  Recherches  P^ysico-chimiques^ 
i.  74.  §  Phil.  Trans.  1814,  p.  587.  ||  Ibid.  ^808,  p.  1. 

**  Rechercbts  Physioo-chimiquas,  i.  107. 
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Book  I-  1.  Potanium  is  converted  into  potash  when  put  inter 
DtTJiionll.  ^g|^|.^  Thai  liquid  is  decomposed  giving  out  hydrogen 
gas,  while  its  oxygen  unites  to  the  potassium  and  amverts 
it  into  potash.  According  to  the  experiments  of  Gay- 
Compoti-  Lussac  and  Thenard  34*177  grains  of  potassium  when  pat 
tiMof  po(-  jjj^^  water,  evolve  40*655  cubic  inches  of  hydrogen  gas  at 
the  temperature  of  59^,  and  when  the  barometer  stands  at 
29*351  inches.*  Hence^  under  a  pressure  of  30  inches  of 
mercury,  tlie  quantity  of  gas  evolved  would  have  been 
39*776  cubic  inches.  .  According  to  this  experiment,  100 
grains  of  potasrium,  when  converted  into  potash  in  water, 
occasions  the  evolution  of  116*38  cubic  inches  of  hydrogen 
gas.  Consequently  the  potassium  must  have  united  with  a 
quantity  of  oxygen  equivalent  to  58*19  cubic  inches.  But 
58*19  cubic  inches  weigh  19*72  grains.  Accordin^^  to  this 
experiment,  pc^ash  is  composed  o£ 

Potassium  100 
Oxygen      19*72 

Berzclius  took  an  amalgam  of  potassium,  decomposed  it 
by  water,  saturated  die  potash  by  muriatic  acid,  and  then 
determined  its  quantity  by  wdghing  the  salt  which  he  had 
thus  formed.  The  loss  of  weight  of  the  amalgam  gave  him 
the  quantity  of  potassium.  This  weight,  subtracted  Grom 
tliat  of  the  potash,  gave  the  quunti^  of  oxygen  with  which 
it  had  combined.  The  result  of  his  experiments  gave  him 
potash,  composed  of  100  potassium  +  20*525  oxygen  ;t 
but  which  he  afterwards  corrected  to  the  following  num- 
bers: J 

Potassium  100 

Oxygen      20*45 

Now  the  mean  of  these  two  sets  of  experiments  gives  us 
potash  composed  of 

Potassium  100 
Oxygen      2008 

Hence,  I  think,  we  may  witliout  hesitation  adopt  the  fol- 
lowing as  the  true  proi)ortions  in  which  the  constituents  of 
potash  combine: 

•  llecherches  Physico-chiiniques,  i.  117. 

t  Anil,  de  Chiin.  Ixxx.  245.  t  AimaU  of  Pfailofiophy,  iii.  S60, 
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Potassium  .,100  Chap.  III. 

Oxygen  ...  .20  ^**v— ^ 

If  we  consider  poti&sh  ds  a  compound  of  1  atom  pota^ 
slum  and  1  atom  oxygen,  and  nothing  appears  contrary  t6 
this  supposition ;  then  it  follows  that  the  Weight  of  an  atoni 
of  potassium  is  5,  and  that  of  an  atom  of  potash  6 :  6  ac- 
accordingly  is  the  equivalent  number  actM)rding  to  which 
potash  enters  into  all  combinations. 

The  peroxide  of  potassium  was  discovered  in  1810,  by  Peroxide. 
Gay-Lussac  and  Thenard.  It  is  formed  by  heating  potas-^ 
slum  in  a  glass  jar  filled  with  oxygen  gas.  A  vivid  com- 
bustion takes  place,  and  a  great  deal  of  oxygeii  gas  is  ab-^ 
sorbed.  From  the  experiments  of  Gay-Lussac  and  The- 
nard, it  appears  that  100  grains  of  potassium,  when  thu4 
burnt,  are  capable  of  absorbing  177  cubic  inches  of  oxygeil 
gas.    Hence  thisr  peroxide  is  composed  of 

Potassium   .  .100  or  5 
Oxygen     . . .  .60  . .  3 

So  that  it  is  a  compound  of  1  atom  potassiuip  and  3  atoms 
oxygen. 

This  peroxide  is  a  solid  body  of  a  yellow  colour.  It 
fuses  when  exposed  to  a  temperature  higher  than  is  re^ 
quisite  to  fuse  common  caustic  potash.  On  cooling,  it 
crystallizes  in  plates.  When  put  into  water  it  effervesces, 
and  is  reduced  to  the  state  of  potash,  giving  out  the  excess 
of  oxygen  which  it  contained.  When  brought  in  contact 
with  phosphorus,  sulphur,  and  carbon,  combustion  takes 
place  when  the  temperature  is  raised;  these  bodies  are 
acidified^  and  the  acids  formed  unite  to  the  potash.  When 
surrounded  with  hydrogen  and  heated,  that  gas  is  absorbed 
without  the  appearance  of  light,  and  much  water  is  formed. 
In  like  manner,  sulphurous  add,  and  protoxide  of  azote, 
are  acidified  when  it  is  heated  in  them.  Ammonia  is 
decomposed,  water  being  formed  and  azotic  gas  dis- 
engaged.* 

3.  Gay-Lussac  and  Thenard  describe  a  third  oxide  of 
potassium  containing  less  oxygen  than  potash.  But  they 
have  produced  no  evidence  that  it  is  any  thing  else  than  a 
mixture  of  potassium  and  potash.f 

•  Recherchei  Pbyiico-chimiquM,  i.  138.  f  ^^*  P- 1^^* 
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Book  I.        III.  Potassium  combines  readily  with  chlorine^  and  forms 

Division  II.  g  compomid  called  chloride  of  potassium. 

^rpr*"^.     When  potassium  is  introduced  into  chlorine  gas,  it  boms 

potatiium.  With  a  brilliant  red  flame»  the  chlorine  is  absorbed,  and  the 

whole  is  converted  into  a  white  saline  mass.     This  substance 

is  chhride  of  potassiunu    If  potash  be  heated  in  chlorine 

gas  its  oxygen  is  disengaged,  while  the  chlorine  is  sbsorbed 

and  takes  its  place.    It  appeaii  from  this  experiment,  which 

was  made  by  Davy,   tliat  at  a  red  heat  potassium  has  a 

stronger  affinity  for  chlorine  than  it  has  for  oxygen. 

1.  Chloride  of  potassium  has  been  long  known  to  che- 
mists. It  was  formerly  distinguished  by  the  names  of /e* 
brifuge  or  digestive  salt  of  Sylvius ;  and  Boerhaave  called  it 
regenerated  sea  salt.  The  French  chemists  gave  it  the  name 
of  muriate  of  potash^  which  it  retained  till  its  true  nature 
was  pointed  out  by  Sir  Humphry  Davy.  •  That  gentleman 
proposed  to  distinguish  it  by  the  term  potassane  ;  but  I  con- 
sider the  name  which  I  have  given  it  as  more  systematic, 
and  therefore  preferable. 

2.  It  is  easily  obtained  by  saturating  potash  with  mu- 
riatic acid,  and  exposing  the  compound  formed  to  a  red 
heat.  At  that  temperature^  it  seems  the  oxygen  of  the 
potash  unites  with  the  hydrogen  of  the  acid,  and  converts 
it  into  water  while  the  potassium  and  chiorine  remain 
united. 

3.  This  chloride  is  white,  and  seems  to  crystallize  in 
cubes.  Its  taste  is  somewhat  similar  to  that  of  common 
salt,  but  more  hiclinwl  to  bitter.  Its  specific  gravity  is 
1*836.  When  boiled  in  water  it  dissolves  in  1*7  times  its 
weight  of  that  liquid.*  It  requires  thrice  its  weight  of  cold 
water.f  But  this  difference  is  not  sufficient  to  enable  us  to 
obtain  regular  crystals,  by  allowing  a  saturated  boiling  solu- 
tion of  it  to  cooL  Regular  crystals  can  only  be  obtained  by 
abandoning  the  solution  to  spontaneous  evaporation.  It  suf- 
fers but  little  alteration  in  the  air.  It  is  not  sensibly  solu- 
ble in  alcohol. 

Composi-        Many  accurate  experiments  have  been  made  on  the  com- 
^  ^'  position  of  this  salt,  on  Uie  supposition  that  it  is  a  com- 

pound of  muriatic  acid  and  potash.     The  most  accurate  of 
these  are  the  three  following: 

*  Wcnzers  Verwandtschail^  p.  310.  f  Betpoan,  Opiuc.  i.  134. 
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Acid     36* S5*85t S6t  Chap.  III. 

Base     65    64-15    64  ^— v~^ 

Total  100  100-  100 

The  last  two  of  these  analyses  almost  coincide.  If  we 
correct  them  by  depriving  the  potash  of  its  oxygen^  and 
adding  the  amount  to  the  acid,  we  shall  find  the  composi* 
tion  of  the  chloride 

BerscHus.  Kiivnn. 

Chlorine    48*114 48 

Potassium  5d'46     53-888 

Now,  if  we  suppose  it  a  compound  of  1  atom  chlorine 
and  1  atom  potassium,  its  constituents  will  be 

Chlorine    4-5 48*6 90 

Potassium  5     54    100 

Now  these  numbers  coincide  so  nearly  with  the  preceding 
analysis,  that  we  can  have  no  doubt  about  their  accuracy. 

IV.  Potassium  combines  readily  with  iodine,  and  forms  a 
compound  which  we  shall  call  iodide  of  potassium. 

When  the  vapour  of  iodine  comes  in  contact  with  pota»-  Iodide  of 
slum  the  metal  takes  fire  and  bums  with  a  violet  coloured  P^'***"*"* 
flame,  while  the  iodine  is  absorbed.  The  compound  melts, 
and  is  volatilized  at  a  temperature  below  redness.  On  cool* 
ing  it  crystallizes,  and  assumes  a  pearly  lustre.  It  dissolves 
readily  in  water,  and  the  solution  does  not  alter  vegetable 
blues.  This  iodide  has  not  been  analysed ;  but  there  can. 
be  little  doubt  that  it  consists  of  an  atom  of  iodine  com- 
bined with  an  atom  of  potassium,  or  of 

Iodine 15-625 .100 

Potassium 5*000 32 

V.  Nothing  is  known  respecting  the  combination  of 
potassium  with  Jluorine.  It  does  not  appear  capable  of 
uniting  with  azote; 

VL  When  potassium  is  heated  in  hydrogen  gas  a  porticm 
of  it  is  volatilized,  and  remains  mixed  with  the  gas.  The 
hydrogen,  in  consequence,  acquires  the  power  of  burning 
spontaneously  when  mixed  with  common  air  or  oxygen  gas. 

•  Wenzers  Verwandtschaft,  p.  100. 
t  Berzelius ;  Ann.  de  Chim.  Uxvii.  84. 
t  Kirwaa ;  Nicholson's  Quarto  Journal,  iii.  Uti» 
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Book  L  But  if  the  gas  be  kept  it  speedily  deponts  the  poUmunif 
Division  II.  j^j  jg  reduced  to  its  ordinary  state.  We  cannoty  diereforey 
consider  this  as  a  gaseous  compound  of  potasdnm  and 
hydrogen. 
UjdnueL  When  potaisiuin  is  heated  in  hydrogen  gas,  there  is  a 
particular  temperature  intermediate  between  a  red  heat  and 
the  commcm  temperature  of  the  air,  at  which  the  metal 
absorbs  the  gas  and  is  converted  into  a  hydruret.  This  hy- 
druret  has  a  grey  colour,  and  is  destitute  of  the  metallic 
lustre.  It  is  infusible,  and  does  not  bum  spontaneously 
either  in  common  air  or  oxygen  gas.  In  water  it  is  con- 
verted into  potash,  and  the  hydrogen  which  it  contains  is 
disengaged  along  with  what  proceeds  fixHn  the  water  decom- 
posed.^ According  to  Gay-Lussac  and  Thenard,  to  whom 
we  are  indebted  for  the  discovery  of  tbithydmrct^  the  quan- 
tity of  hydrogen  which  potassium  absorbs  is  rather  more 
than  4-tli  of  what  it  disengages  from  water  when  converted 
into  potash.  Now  100  grains  of  potassium  evolve  from 
water  11 G '4  cubic  inches  of  hydrogen.  The  fourth  part  of 
11G*4  is  29'1.  But  29*1  cubic  inches  of  hydrogen  gas 
weigh  0*616  grain.  So  that  hydmret  of  potassium  is 
com{M)scd  of 

Potassium....  100 5 

Hydrogen....       0*616 0*0508 

But  0*0308  X  4  =  0*1232,  which  is  nearly  equivalent  to 
the  weight  of  an  atom  of  hydrogen.    We  have  reason, 
therefore,  to  conclude  that  this  hydmret  is  a  compound  of 
4  atoms  potassium  and  1  atom  hydrogen.    K  so,  its  con- 
stituents are 

Potassium 5 100 

Hydrogen 0*03125  ....       0*625 

According  to  this  statement  100  grains  of  potassium,  in 
order  to  be  converted  into  a  hydmret,  must  absorb  29*5 
cubic  inclies  of  hydrogen.  But  this  I  consider  as  in  reality 
-J-th  of  the  hydrogen  which  potassium  disengages  from  water 
when  it  is  converted  into  potash. 

VII.  We  are  not  acquainted  with  any  combination  which 
potassium  forms  with  carbanj  borcn^  or  sUicon. 

^  Rocherches  Phyaios-dumiqiits,  i.  17S. 
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VIII.  When  potassium  is  heated  in  contact  with  phos-  Chap.  ill. 
phorus,  a  combination  takes  place  with  the  evolution  of  a  ^*v**^ 
weak  light      The  phosphuret   formed    has    a  chocolate  Photphn* 
colour,  and  is  similar  in  appearance  to  phosphuret  of  lime.  '^ 

It  bums  in  the  open  air,  and  when  thrown  into  water  a  kind 
of  detonation  takes  place  in  consequence  of  the  ri^id  evor 
lution  of  phosphureted  hydrogen  gas.  If  ^e  suppose  this 
phosphuret  a  compound  of  one  atom  potassium  and  1 
atom  phosphorus,  its  composition  will  be 

Potassium 5 100 

Phosphorus  • ...  1*5 SO 

IX.  Potassium  combines  with  sulphur  with  gFeat  energy  Sulpbuitt 
when  the  two  substances  are  heated  together.     A  violent 
combustion  accompatnies  their  union.    This  sulphuret  has 

a  dark  grey  colour.  When  thrown  into  water  it  acts  upon 
that  liquid  with  violence,  producing  sulphureted  hydrogen 
gas.  When  heated  in  the  air  it  bums  brilliantly,  and  is 
converted  into  sulphate  of  potash.  From  this  experiment  it 
follows  that  this  sulphuret  is  composed  of  1  atom  potassium 
and  1  atom  sulphur,  or  of 

Potassium 5 100 

Sulphur 2 40 

X.  Arsenic  combines  readily  with  potassium  by  the  ap«  Ancmiutt 
plication  of  a  moderate  h^t.    Light  is  evolved  during  the 
combination.      This  arseuiuret  has  a  brown  colour,  and 

little  of  the  metallic  lustre.  When  put  into  water  much 
less  hydrogen  gas  is  evolved  than  would  have  appeared  if 
the  potassium  had  not  been  alloyed  with  the  arsenic.  The 
reason  is,  that  a  portion  of  it  remains  combined  with  the 
arsenic,  forming  a  sdild  hydmretof  arsenic* 

Xle  The  alloy  of  potassium  and  tellurium  has  not  been 
examined. 

Potassium  has  so  great  an  affinity  for  oxygen  that  it  sepa- 
rates that  body  from  every  one  of  the  combustible  substan- 
ces belonging  to  the  preceding  genus.  The  order  of  its 
affinities  for  die  supporters  of  combustion  at  a  red  heat 
are  as  follows : 

*    Ga^-Luanc  and  Tbenard.     Recherches  Phyfipo-chiouquesy   u 
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Iodine 
Qzygen. 

Of  the  simple  addifiable  oombostibles  it  has  the  strongest 
affinity  ibr  siilphur.  Fhoq^onis  comes  next,  and  dkea 
hydrogen. 


SECT.  U. 

OF  SODIUM. 

Soda.  SoDA»  called  sho  fossil  or  mineral  alkaU,*  because  it  was 

thought  peculiar  to  Uie  mineral  kiDgdom,  was  known  to  the 
ancients  (though  not  in  a  state  of  purity)  under  the  names 
of  vSpm  and  niirunuf 

FieptTi-  It  is  found  in  large  quantities  combined  with  carbonicacid 
in  different  parts  of  die  earth,  e^iedally  in  Egypt;  and 
common  salt  is  a  compound  of  soda  and  muriatic  add* 
But  the  soda  of  commerce  is  obtained  from  the  ashes  of  dif- 
ferent species  of  the  salsola,  a  genus  of  plants  which  grow 
upon  the  sea-shore,  especially  fixun  the  salsola  soda^  from 
which  the  alkali  has  obtained  its  name.  The  soda  of  com- 
merce is  also  called  barilla^,  because  the  plant  from  which  it 
is  obtained  bears  that  name  in  Spain.  Almost  all  the  algse, 
especially  the  fuci,  contain  also  a  considerable  quantity  of 
soda.  The  ashes  of  these  plants  are  known  in  this  country 
by  the  name  of  kelp  ;  in  France  they  are  called  varec. 

The  soda,  or  barilla,  of  commerce,  is  far  from  being 
pure ;  besides  carbonic  acid  it  contains  common  salt,  and 
several  other  foreign  ingredients ;  but  it  may  be  obtained 
perfectly  pure  by  the  processes  described  in  die  last  secUon 
for  purifying  potash. 

Soda  and  potash  resemble  each  other  so  nearly,  that  they 
were  confounded  together  till  Du  Hamel  publi&lied  his  dis- 
sertation on  common  salt  in  the  Memoirs  of  the  French 

*  Klaproth  calls  it  natron,  and  the  German  and  Swedish  chemists 
have  followed  his  example. 

t  The  xwp^y  of  the  Athenians  was  eridently  the  ssme  sabstsnce ;  voA 
50  was  the  mj  of  the  Hebrews. 
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Academy  for  1736.    He  first  proved  that  the  base  of  com-  Chap.  in. 
mon  salt  is  soda,  and  that  soda  is  different  from  potash,  ^— v—^ 
His  conclusions  were  objected  to  by  Pott,  but  finally  con- 
firmed by  Margraff  in  1758.* 

Soda  is  of  a  greyish-white  colour,  and  agrees  exactly  with  Propertin. 
potash  in  its  taste,  smell,  and  action  upon  animal  bodies; 
but  its  specific  gravity  is  only  l'S36.t 

Heat  produces  on  it  exactly  the  same  effects  as  upon 
potash.  When  exposed  to  the  air,  it  absorbs  moisture  and 
carbonic  acid,  and  is  soon  reduced  to  the  consistence  of 
paste :  but  it  does  not  liquefy  like  potash ;  in  a  few  days  it 
becomes  dry  again,  and  crumbles  into  powder. 

Many  contradictory  opinions  respecting  the  component  Formation 
parts  of  soda  were  advanced  by  different  d^emists.     At  last,  ®^  »®^>^™^ 
in  1808,  Sir  Humphry  Davy  succeeded  in  decomposing  it, 
by  the  same  process  which  enabled  him  to  obtain  the  basis 
of  potash.     Like  that  alkali  its  basis  is  a  metal,  and  Davy 
distinguished  it  by  the  name  of  sodium,% 

Davy  published  a  full  account  of  its  properties  soon  after 
its  discovery.  $  Gay-Lussac  and  Thenard  succeeded  in 
procuring  it  in  large  quantities  by  the  process  described  in 
the  last  section  for  obtaining  potassium.  They  likewise  ex- 
amined its  properties  in  detail,  and  published  an  elaborate 
account  of  them.||  Berzelius  made  a  set  of  very  carefiil 
experiments  in  order  to  determine  the  proportions  in  which 
it  combines  with  oxygen.**  ^ 

Sodium  is  a  white  metal,  having  a  colour  intermediate  Propertici. 
between  that  of  silver  and  lead.  At  the  common  tempera- 
ture of  the  air  it  is  solid  and  very  malleable,  and  so  soft  that 
pieces  of  it  may  be  welded  togedier  by  strong  pressure.  It 
retains  its  softness  and  malleabib'ty  at  the  temperature  of 
32^.  It  is  an  excellent  conductor  of  electricity.  Its  spe- 
cific gravity  is  0'97228.tt  It  melts  when  heated  to  the  tem- 
perature of  194*%:(t  and  requires  a  much  higher  temperature 


*  Opusc.  ii.  331.  t  Hassenfratz,  Ann.  de  Chim.  xxviii.  11. 

X  The  German  and  Swedish  chemists  call  it  natrium  or  natron, 

§  Phil.  Trans.  1808,  p.  1.        ||  Recherches  Physico-chimiques,  i.  97. 
••  Ann.  de  Chim.  Ixxx.  245. 

ft  By  the  experiments  of  Gay-Lasiac  and  Thenard.     Davy  makes  it 
0-934U.     But  his  experiment  was  on  a  very  minute  scale. 

XI  Gay-Lussac  and  Thenard. 
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Book  I.    to  be  volatilixed  than  potash.    Davy  found  it  to  lenuun 

^il!;^  fixed  at  a  heat  which  melted  pkite  glass. 

Oxides.  II.  Its  affinitjr  for  oxygen  is  similar  to  that  of  potaasimn. 

When  exposed  to  the  air  it  speedily  is  converted  on  the 
surface  to  soda.  As  soda  deliquesces  much  more  slowly 
than  potash,  a  globule  of  sodium  is  not  so  soon  destroyed  by 
exposure  to  the  atmosphere  as  a  globule  of  potassium. 
When  put  into  water  that  liquid  is  rapidly  decomposed ; 
its  hydrogen  escapes  in  the  state  of  gas  while  its  oxygoi 
converts  the  sodium  into  soda.  Sodium,  like  potassium, 
combines  with  two  doses  of  oxygen,  and  forms  two  com- 
pounds,  which  are  called  soda  and  peroxide  ofsodiunu 

Soda.  1.  8oda  is  formed  when  the  metal  is  broc^t  in  omtact 

with  water.  From  the  experiments  of  Gay-Lussac  and 
Thenard,  it  appears  that  38*394  grains  of  sodium,  when 
converted  into  soda  by  decomposing  water,  occasion  the 
evolution  of  a  quantity  of  hydrogen  gas,  which,  at  the  tem- 
perature of  60^  and  when  the  barometer  stands  at  29*BB2 
inches,  amounts  to  76*437  cubic  inches.^  Therefore,  sup- 
posing tlie  barometer  at  SO  inches,  the  amount  would  be 
76*14  cubic  inches.  Conseqoeitly  100  grains  of  sodium 
would  cause  the  evolution  of  19S*30  cubic  inches  of  hydro- 
gen gas.  The  quantity  of  oxygen  whicli  united  to  the 
sodium  to  convert  it  into  soda  must  have  been  equivalent  to 
99*15  cubic  inches,  amounting  in  weight  to  33*6  grains. 

Compoti-    According  to  these  data  soda  is  a  compound  of 

Sodium 100 

Oxygen 33-6 

Berzelius  found,  by  a  set  of  very  careful  experiments,  that 
J 00  sodium,  when  converted  into  soda,  combine  with  34*61 
parts  of  oxygen,t  which  he  afterwards  corrected  into  3i'$2,} 
Davy  says  that,  in  a  careful  set  of  experiments  which  he 
inade  on*thc  subjept,  he  found  soda  a  compound  of  from  75 
to  73  sodium,  and  from  25  to  'J7  oxygen.}  Now  the  mean 
of  the  experiments  of  Gay-Lussac  and  Tlienard,  and  of  those 
gf  Berzelius,  give  34*06  as  the  quantity  qf  oxygen ;  while 
one  of  Davy's  results  is  33^.     I  think,  therefor^  we  cannot 

*  Hecherchcs  Physico-chimiqucs,  i.  IQl. 

t  Ann.  dc  Cbim.  Uxx.  251. 

J  AnnaU  of  Phiiosophy,  iii.  360.  §  Ann.  4c  Chim.  Ixxx.  t51. 
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hesitate  to  conclude  that  sodium,  in  order  to  be  converted  chap.  ill. 
into  soda,  must  combine,  with  exactly  one  third  of  its  weight  ^— v— ^ 
of  oxygen.     Hence  soda  is  composed  of 

Sodium .100 

Oxygen 33*3 

If  we  consider  soda  as  a  compound  of  1  atom  sodium  and 
1  atom  oxygen,  the  weight  of  an  atom  of  sodium  will  be  Sf 
and  the  weight  of  an  atom  of  soda  4. 

2.  The  peroxide  of  sodium  was  discovered  by  Gay-Lus-  Peiosid«, 
6ac  and  Thenard.     It  is  easily  formed  by  heating  sodium  in 
oxogen  gas.    It  burns  with  great  splendour,  and  combines 
with  a  maximum  of  oxygen. 

The  peroxide  of  sodium,  when  pure,  is  of  a  dirty  greenish 
yellow  colour.  It  is  fusible  when  heated,  but  requires  a 
much  higher  temperature  than  the  peroxide  of  potassium 
for  its  fusion.  When  introduced  into  water,  it  is  reduced 
to  soda,  giving  out  the  excess  of  oxygen  which  it  contains. 
From  the  experiments  of  Gay-Lussac  and  Thenard,  it 
appears,  that  sodium  in  the  peroxide  is  united  with  1 4.  times 
as  much  oxygen  as  in  soda.*     Hence  it  is  composed  of 

Sodium  100   2 

Oxygen    50   1 

But  we  cannot  conceive  it  to  be  a  compound  of  1  atom 
sodium  +  lA  atom  oxygen  ;  because  atoms  are  considered 
as  incapable  of  &rther  division.  The  only  other  alternative 
is  to  suppose  it  a  compound  of  2  atoms  sodium  and  S  atoms 
pxygeiu  On  that  supposition  an  integrant  particle  of  it 
will  weigh  9.  % 

The  action  of  the  different  combustible  bodies  and  gases 
on  the  peroxide  of  sodium,  as  far  as  that  action  has  been 
examined,  bears  a  close  resemblance  to  their  action  on  per- 
oxide of  potassium.f 

II.  Sodium  combines  with  great  energy  with  chlorine, 
and  forms  a  compound  which  may  be  called  chloride  of 
sodium. 

When  sodium  is  introduced  into  chlorine  gas,  it  takes  fire  Chlqjide. 
spontaneously  and  burns  vividly,  emitting  bright  red  sparks. 
The  substance  formed  is  chloride  of  sodium.     It  may  be 
formed,  likewise,  by  passing  a  current  of  chlorine  gas  over 

^  Rpcberchet  Pbjsico-cbimiques,  i.  152.  \  Ibid.  i.  154. 
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Book  I.  soda,  preyiously  heated  to  redness.  The  soda  gives  out  its 
Divition  II.  oxygen  in  the  state  of  gas^  and  is  converted  into  a  chWide.* 
^'"^''^*'^  Chloride  of  sodium  has  been  known,  and  in  common  use  as 
a  seasoner  of  food  from  the  earliest  ages,  under  the  names  of 
common  or  sea  salt*  Sometimes,  also,  it  was  called  sal  gem. 
Glauber  knew  that  muriatic  acid  could  be  obtained  from  it. 
Stahl,  in  his  Specimen  Beccheriamimj  affirmed  that  its  base 
is  an  alkali.  But  Duhamel  was  the  first  who  showed  how 
to  obtain  this  base  in  a  separate  state,  and  who  demonstrated 
the  difference  between  it  and  potash.  The  true  nature  of 
this  substance  was  first  shown  by  Sir  Humphry  Davy. 

This  chloride  exists  in  great  abundance  native,  and  there- 
fore is  never  formed  artificially  by  ch^nist&r    Immense 
masses  of  it  are  found  in  different  countries^  which  require 
only  to  be  dug  out  and  reduced  to  powder.    In  that  state  it 
is  called  rocil  salt.    The  water  of  the  ocean  also  contains  a 
great  proportion  of  it,  to  which  indeed  it  owes  its  state,  and 
the  power  which  it  possesses  of  resisting  freezing  till  cooled 
down  to  28*5^.     When  this  vater  is  evaporated  suffidently, 
the  chloride  precipitates  in  crystals.     It  is  by  this  process 
that  it  is  obtained  in  this  country.    But  the  common  salt  of 
commerce  is  not  sufficiently  pure  for  the  purposes  of  che- 
mistry, as  it  contains  usually  muriate  of  magnesia,  &c. ;  but 
it  may  be  obtained  pure  cither  by  repeated  crystallization's 
or  by  the  following  process :  Dissolve  it  in  four  times  its 
weight  of  pure  water,  and  filter  the  solution.    Drop  into  it  a 
solution,  first  of  muriate  of  barytes,  then  of  carbonate  of 
soda,  as  long  as  an^^  precipitate  continues  to  fall.     Separate 
the  precipitates  by  filtration,  and  evaporate  slowly  till  the  salt 
crystallizes. 
Propcrtiet.       Common  salt  usually  crystallizes  in  cubes,  which,  accord- 
ing to  Haiiyf ,  is  the  primitive  form  of  its  crystals  and  of 
its  integrant  particles.     Sometimes  the  angles  of  the  cubes 
are  truncated ;  and  in  urine  the  crystals  of  common  salt,  as 
Fourcroy  and  Vauquelin  have  ascertained,  assume  the  form 
of  octahedrons. 

Its  taste  is  universally  known,   and  is  what  \s  strictly 
speaking  denominated  salt.    Its  specific  gravity  is  2*1254 

•  Davy.  f  Mineralogy,  ii.  357. 

X  Fahrenheit^  Phil.  Trans.  1724,  vol.  xxxiii.  114.     Kirwan  makes  it 
9120,  and  Dr.  Watson  found  it  2-l4d.    See  hit  Essays,  v.  67. 
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According  to  Bergman,  it  is  soluble  in  2*82  times  its  weight  Chap.  IIL 
of  cold  water,  and  in  2*76  times  its  weight  of  boiling  water.* 
When  it  is  boiled  for  some  time  in  water,  it  dissolves  in  2*59 
times  its  weight  of  that  liquid.f  The  specific  gravity  of  the 
saturated  solution  is  1*198,  temperature  42^4  Pure  alco* 
faol  does  not  dissolve  this  salt,  but  it  is  somewhat  soluble  ia 
alcohol  of  *830. 

It  is  not  affected  by  exposure  to  dry  air.  The  common 
salt  of  commerce,  indeed,  contains  a  quantity  of  muriate  of 
magnesia,  which  renders  it  deliquescent.  It  contains,  also^ 
sulphate  of  magnesia  and  sulphate  of  lime. 

When  heated,  it  decrepitates.  In  a  red  heat  it  melts,  and 
at  a  white  heat  it  evaporates  in  a  white  smoke  without  un« 
dergoing  decomposition. 

Numerous  very  careful  experiments  have  been  made  to 
determine  the  composition  of  this  chloride.     The  three  ^**"* 
following  appear  to  me  to  be  entitled  to  the  greatest  confi- 
dence. 

BerzeUu8.§  Wenzel.|I  Maroet.^ 

Muriatic  acid    45*74!>    46    46 

Soda  54*26    54    54 


100        100    100 

We  shall  obtain  the  true  composition  of  the  chloride  by 
subtracting  ^th  of  its  weight  fi*om  the  soda  to  reduce  it  to 
sodium,  and  adding  the  same  quantity  to  the  acid  to  convert 
it  into  chlorine.  This  will  give  us  the  constitution  of  the 
chloride  as  follows. 

Berzelius.  Wcnzel.  Marcet. 

Chlorme    59*305    ........    59.5   59*5 

Sodium       40*695   40*5   40*5 


100*000   100-0   100*0 

Now  if  we  suppose  it  a  compound  of  1  atom  sodium  and 
1  atom  chlorine,  its  constituents  by  weight  will  be 

Chlorine  4*5   60   150 

Sodium    3      40   100 


«  Opusc  i.  134.  t  WeauH't  Verwandtschaft,  p.  310. 

*  Watson's  Chem.  Essays,  v.  85.  §  Ann.  de  China.  Izzvii.  84. 

II  Verwandtschaft,  p.  101.  **  NicbolKNii's  Journal,  xx.  SO. 
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Book  I.       These  numbers  almost  coincide  with  the  above  analyses! 

y"'^°  ^l'  There  cannot,  therefor^  be  any  doubt  that  the  true  compo- 
sition is  as  just  stated* 

Iodide.  III.  No  experiments  have  been  hitherto  made  on  the 

combination  of  iodine  and  sodium*  There  cannot,  bowerer^ 
be  a  doubt  that  they  are  ciqwble  of  comlHning  and  forming 
an  iodide  of  sodium.  Hydriodic  acid  readily  comlnnes  with 
soda,  and  forms  a  salt  which  crystallizes  in  large  prisms, 
▼ery  similar  to  sulphate  of  soda*  It  is  very  soluble  in  water, 
and  deliquescent  When  this  salt  is  dried,  we  may  consider 
it  as  an  iodide  of  sodium.*  It  has  not  hitherto  been  ana- 
lysed* But  we  may  consider  it  from  analogy  as  composed 
of  1  atom  sodium  -f  1  atom  iodine^  or  by  weight  of 

Iodine    15*625   f..  100 

Sodium    S*      * 19-2 

IV.  Nothing  is  known  reelecting  the  combination  of 
sodium  withJluortTie,  It  does  not  appear  to  have  the  pro- 
perty of  combining  with  azote. 

V.  Sodium,  as  far  as  is  known  at  present^  does  not  com- 
bine with  hydrogen^  carbon^  borouj  nor  sUicoru 

Pbofphu-        VI.  Sodium  combines  readily  with  phosphorus,  when  it 
^^^  is  brought  in  contact  with  that  substance  and  heat  applied* 

A  feeble  light  appears  during  the  combination.  It  has  the 
colour  and  appearance  of  lead.  Water  converts  it  into 
phosphate  of  soda.  When  heated  in  the  open  air  it  is 
likewise  converted  inft)  phosphate  of  soda.  This  conversion 
shows,  that  the  phosplmret  of  sodium  is  a  compound  of  1  atom 
sodium  and  1  atom  phosphorus  ;  or  by  weight  of 

Sodium  3       •  200 

Phosphorus  1'5    100 

Suiphurct.  VII.  Sodium  combines  with  sulphur,  when  heated  with 
it  in  close  vessels,  with  great  vividness,  much  heat  and  light 
being  evolved.  Sidphuret  of  sodium  has  a  deep  grey  colour. 
When  heated  in  the  open  air  it  takes  fire,  and  is  converted 
into  sulphate  of  soda*  Therefore  it  is  a  compound  of  1 
atom  sodium  +  1  atom  sulphur ;  or  by  weight  of 

Sodium    3    150 

Sulphur  2    100 

Wll.  It  unites  with  arsenic  when  placed  in  contact  with 
^  Gaj-Lussao;  Ann.  dc  Chim.  ici.  6#. 
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it,  and  raised  to  a  cheny-red  heat  A  feeble  light  is  emitted  Chi^.  ni. 
at  the  moment  of  combination.     An  alloy  of  1  volume  ^^'— v*^ 
sodium  and  S  volumes  of  arsenic  has  a  greyish  white  colour,  Arteniuieu 
is  brittle,  is  fine  granular,  and  has  a  strong  taste.    It  is 
rapidly  decomposed  in  the  open  air.     When  put  into  water 
it  is  soon  separated  into  soda  and  a  brown  powder  which  is 
a  hydruret  of  arsenic     Some  hydrogen  gas,  likewise,  makes 
its  escape.     An  alloy  of  2  volumes  sodium  and  1  volume 
arsenic  has  a  brown  colour  and  earthy  aspect  without  any 
metallic  lustre*    Water  produces  on  it  the  same  effects  as 
upon  the  last-mentioned  alloy.* 

IX.  The  alloy  of  sodium  and  tellurium  is  still  unknown. 

X.  Potassium  and  sodium  readily  unite  together,    and  AUof  with 
form  a  brittle  crystallizable  alloy,  always  more  fusible  than  P^*****""* 
sodium,  and  often  more  so  than  potassium.     Three  parts  of 
sodium  and  one  of  potassium  form  an  alloy  which  fiises  at 

32^,  and  crystallizes  i?dken  plunged  into  a  mixture  of  snow 
and  salt  If  we  increase  the  quantity  of  sodium  (while  the 
potassium  remains  as  before)  the  alloy  becomes  less  fusible ; 
but  it  is  always  more  fusible  than  sodium,  and  always  brittle 
and  crystallizable.  One  thirtieth  of  potassium  is  sufficient 
to  give  these  properties  to  sodium  in  a  marked  d^ree,  and 
to  communicate  to  it  the  colour  of  silver.  If  we  unite  lest 
than  3  parts  of  sodium  with  1  part  of  potassium,  we  obtain 
alloys  becoming  more  and  more  fusible.  The  fusibili^  does 
not  diminish  till  the  quantity  of  potassium  be  very  consider- 
able. Ten  parts  of  potassium  and  1  of  sodium  form  an 
alloy  still  liquid  at  32%  and  lighter  than  naphtha,  f 

The  affinities  of  the  simple  supporters  of  combustion  for 
sodium  are  in  the  following  order. 

Sodium 
Chlorine 
Iodine 
Oxygen. 

Potassium  has  a  stronger  affinity  (or  each  of  these  bodies 
than  sodium  has.  Hence  one  of  the  easiest  methods  of 
procuring  sodium  is  to  heat  a  mixture  of  potassium  and 
common  salt  in  close  vessels.  Sodium  is  separated  from  thci 
common  salt. 

*  Recherches  Pbysico-chimiques,  i .  244. 

t  Gay-LuMSc  uid  Theoard  ;  R«cherches  Physico-chimiqueSi  i.  lit 
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Book  I.        Sulphur  has  the  strongest  affinity  for  sodium  of  the  aci' 
DiviiionU.  difiaUe  combustibles. 


SECT.  m. 

■ 

OF  CALCIUM. 


Lime  has  been  known  from  the  earliest  ages.  The  an- 
cients employed  it  in  medicine;  it  was  the  chief  ingredient 
in  their  mortar ;  and  they  used  it  as  a  manure  to  fertilise 
their  field&i 

Lime  abounds  in  most  parts  of  the  world,  or  perhaps  f 
should  rather  say,  that  there  is  no  part  of  the  world  where 
it  does  not  exist.  It  is  found  purest  in  lime-stones,  and 
marbles,  and  chalk.  None  of  these  substances,  however^ 
is,  strictly  speaking,  lime ;  but  th^  are  all  capable  of  be- 
coming lime  by  a  well-known  process,  by  keeping  them  for 
some  time  in  a  white  heat:  this  process  u  called  the  burning 
of  lime.  The  product  which  in  common  language  is  deno- 
minated quicklime  is  the  substance  known  in  chemistry  by 
die  name  of  lime. 
Pre  para-  I .  Lime  may  be  obtained  perfectly  pure  by  burning  those 

'*^'  crystallized  limestones,  called  ccdcareous  spars,  which  are 

perfectly  white  and  transparent,  and  also  by  burning  some 
pure.white  marbles.     It  may  be  procured  also  in  a  state  of 
purity  by  dissolving  oyster-shells  in  muriatic  acid,  filtering 
the  solution,  mixing  it  with  ammonia  as  long  as  a  white 
powder  continues  to  fall,  and  filtering  ag^n.     The  liquid 
is  now  to  be  mixed  with  a  solution  of  carbonate  of  soda:  the 
powder  which  falls,  being  washed  and  dried,  and  heated  vio- 
lently in  a  platinum  crucible,  is  pure  lime. 
Properties.       2.  Pure  lime  is  of  a  white  colour,  moderately  hard,  but 
easily  reduced  to  a  powder. 

It  has  a  hot  burning  taste,  and  in  some  measure  corrodes 
and  destroys  the  texture  of  those  animal  bodies  to  which  it 
is  applied.  Its  specific  gravity  is  2*3.*  It  tinges  vegetable 
blues  green,  and  at  last  converts  them  to  yellow. 

With  respect  to  the  composition  of  lime  nothing  better 
than  conjecture  was  advanced  on  the  subject,  till  Davy*s 

•  Kirwan's  Miner,  i.  5. 
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great  discovery  of  the  bases  of  potash  and  soda.     This  na«  Chap.  III. 
turally  led  him  to  the  idea  that  lime  and  the  other  earthy  ^— %^— ^ 
bodies  possessing  properties  similar  to  lime,  were  likewise 
compounds  of  oxygen  and  particular  metals. 

He  accordingly  exposed  them  in  various  states  to  the  DiscoTcry 
action  of  a  galvanic  battery,  and  found  reason  to  conclude  ®^  cm^cium. 
that  his  opinion  of  their  nature  was  correct,  though  he 
found  it  much  more  difficult  to  (Jecompose  them  and  obtain 
their  bases,  than  it  had  been  to  obtain  potassium  and  sodium 
by  similar  processes.  When  acted  upon  under  naphtha 
they  were  not  distinctly  decomposed.  When  fused  with  an 
excess  of  potash,  and  acted  upon  in  that  state,  the  results 
were  rather  more  distinct^  metallic  substances  appeared  less 
fusible  than  potassium,  which  burnt  the  instant  afler  they 
were  formed,  and  produced  a  mixture  of  potash  and  the 
earth  employed.  When  the  eartfa«  were  exposed  to  the 
action  of  electricity,  mixed  with  the  oxides  of  mercury,  tin, 
lead,  or  silver,  amalgams  were  produced,  which  exhibited 
properties  indicating  unequivocally  that  they  were  mixtures 
of  the  base  of  the  earth  employed  and  of  the  base  of  the 
metallic  oxide  mixed  with  it.  But  the  quantity  of  amalgam 
obtained  was  too  minute  to  admit  of  an  accurate  examina- 
tion. While  Sir  H.  Davy  was  engaged  in  these  experi- 
ments, he  received  a  letter  from  Professor  Berzelius  of 
Stockholm,  informing  him  that  he  and  Dr.  Pontin  had  suc- 
ceeded in  decomposing  barytes  and  lime,  by  negatively 
electrifying  mercury  in  contact  with  them.  Davy  imme- 
diately repeated  this  happy  experiment,  and  succeeded 
completely  in  obtaining  amalgams  of  the  ba^  of  the  earth 
employed.  ^, 

To  procure  these  amalgams  in  sufEcient  quantity  for  dis- 
tilling off  the  mercury,  and  obtaining  the  base  of  the  eartli 
pure,  Davy  combined  his  own  previous  method  with  that  of 
Berzelius  and  Pontin.  The  earth  was  slightly  moistened, 
mixed  with  one  third  of  red  oxide  of  mercury,  and  placed 
upon  a  plate  of  platinum  connected  with  the  positive  end  of 
the  battery.  A  cavity  was  made  in  the  earthy  mixture,  a 
globule  of  about  60  grains  of  mercury  put  into  it,  and  this 
globule  connected  with  the  negative  end  of  the  battery  by  a 
platinum  wire.  The  amalgams  obtained  in  this  way  were 
distilled  in  glass  tubes  filled  with  the  vapour  of  naphtha. 
The  greater  part  of  the  mercury  was  easily  driven  cff,  but 
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Book  I.    it  was  extremely  difficult  to  operate  the  wbole.    The  glo* 

Divkion  II.  \^^q  fj^^  remained  bdbind  was  in  all  cases  lAdtt  Uke  silver, 

^""^^""'^  solid,  and  extremely  oombostible.    When  exposed  to  the 

air  it  absorbed  oxygen,  and  regenerated  the  earth  from 

which  it  was  obtained  in  a  few  minutes. 

The  metallic  basis  of  lime  Davy  has  called  ctdcmm.  He 
did  not  succeed  in  investigating  its  properties.  It  is  white 
like  silver,  solid,  and  prolMibly  4  or  8  times  heavier  than 
water.  When  heated  in  the  open  air  it  bums  brilliantly, 
and  quicklime  is  produced.* 
limt.  II.  Calcium  as  fiir  as  is  known  at  present  combines  with 

only  1  proportion  of  oxygen,  and  forms  the  well  known  and 
important  oxide  called  lime.  The  attempts  to  determine 
the  proportion  of  oxygen  in  lime  by  the  loss  of  weight 
which  the  amalgam  of  calcium  undeiwent  when  pot  into 
water,  and  by  the  quantity  of  lime  formed,  though  made 
by  Berzelius  with  very  great  caie^  were  upon  so  small  a 
scale  that  great  confidence  cannot  be  placed  in  their  accu- 
racy.   The  mean  of  three  trials  made  in  this  way  gives  the 

Gdmpoti-    composition  of  lime  as  follows  :f 

tkNi  of. 

Calcium 100 

Oxygen S8*57 

But  from  other  considerations  he  has  fixed  the  propor^ 

tions, 

Calcium  ....••  100 
Oxygen 39*21^ 

There  is  a  method  of  coming  to  considerable  certainty  with 
respect  to  the  accuracy  of  these  numbers.  Sulphate  of  lime 
has  been  anal  v^  with  great  care,  and  is  a  compound  of 

Sulphuric  acid    ....  100        ....  5 
Lime 72-4.1    ....  S-6205 

Carbonate  of  lime  has  been  likewise  analysed  with  great  care 
it  has  been  found  composed  of 

Carbonic  acid  ....  43*2    2*7 5 

Lime 56*8    3-615 

From  the  first  of  these  salts  it  appears  that,  if  the  weight  of 

*  Phil.  Trans.  1808,  p.  333.  f  Ann  de  Cbim.  Isxzi.  IS. 

}  Aooals  of  Philosophy,  iii.  360. 
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.sulphuric  acid  be  represented  by  5,  the  equivalent  number  Chap.  iii. 
for  lime  will  be  3*6205.  From  the  second  we  see,  that  if  ^"^-v*^ 
the  weight  of  carbonic  acid  be  represented  by  2*75,  the 
equivalent  number  for  lime  will  be  3'615.  These  two  num- 
bers very  nearly  agree.  I  conceive  we  may  therefore  with- 
out committing  any  sensible  error  consider  8*625  as  the  true 
equivalent  number  for  lime.  As  calcium  combines  with 
only  one  proportion  of  oxygen,  we  must  suppose  lime  a 
compound  of  1  atom  calcium  +  1  atom  oxygen.  On  that 
supposition  its  constituents  will  be 

Calcium 2*625    100 

Oxygen 1*000    88-09 

So  that  the  composition  of  lime  agrees  very  nearly  with  the 
original  experiments  of  Berzelius. 

III.  When  lime  is  heated  in  chlorine  gas  it  is  decom-  Chloride, 
posed.  It  gives  out  its  oxygen  in  the  form  of  gas,  and  the 
calcium  combines  with  the  chlorine,  forming  a  chloride  of 
calcium.  From  the  experiments  of  Davy,  to  whom  we  are 
indebted  for  this  very  curious  fact,  it  follows  that  for  every 
volume  of  oxygen  evolved  two  volumes  of  chlorine  gas  are 
absorbed.  Hence  it  follows  that  chloride  of  calcium  is 
composed  of  1  atom  chlorine  united  to  1  atom  calcium.  Its 
constituents  therefore  are 

Chlorine 4*5        ....   100       ....  63*16 

Calcium     . . .  2*625    ....     58*3    ....  36*84. 

Chloride  of  calcium  is  the  substance  distinguished  among 
chemists  by  the  name  of  muriate  of  lime.  It  was  formerly 
called  Jixed  ammoniac^  because  it  was  commonly  obtained 
by  decomposing  sal  ammoniac  by  means  of  lime. 

It  is  usually  prepared  from  the  residue  of  that  process, 
but  it  may  be  obtained  by  dissolving  carbonate  of  lime  in 
muriatic  acid. 

Its  crystals  are  six-sided  striated  prisms,  terminated  by  Properties, 
very  sharp  pyramids.  It  is  not  easy  to  procure  it  in  crys- 
tals, in  consequence  of  its  extreme  tendency  to  deliquesce. 
Indeed,  in  summer,  it  is  next-te  impossible  to^rocure  good 
crystals;  but  in  winter  they  form  spontaneously,  if  we 
dissolve  four  parts  of  the  salt  in  one  of  water,  of  the 
temperature  of  70%  and  expose  the  solution  in  an  atmos- 
phere of  32^, 

VOL,  J.  z 
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BodEi.        ThetaiteoftlibadtiswjrUtteraiidpiiiigeQt.  Iliipe- 

^"""^^""'^  It  is  extremdy  lohiMe  in  water ;  wter  >t  60°  diMnhing 
very  neuAj  fimr  times  its  wdght  of  it.  Hie  scdnbility  £- 
minishes  vary  rapidly  with  the  teaqperatnie.  Henoe  water 
at  90^  does  not  dissdYe  abofe  half  that  quantity,  while  at 
100^  it  diswlves  any  qoantity  of  it  idiatefer.  In  hot  wea- 
tiler,  therefor^  it  cannot  be  obtained  in  crjrstals^  bat  only 
in  a  hard,  whit^  solid  mass.  Mr.  Walker  has  asoertuned, 
that  when  the  eviqporation  of  the  sohition  is  carried  on  till 
its  specific  gravity  it  1*450  at  the  temperature  of  80°,  it 
crystallizes  when  eaqxised  to  an  atmoqphere  whose  temper- 
ature is  32°.  When  its  qpedfic  gravity  at  80°  is  1*490,  it 
assumes  oa  cooling  the  fiirm  of  a  haid  peari-eoloured 
massif 

Alc»hd  dissolves  this  salt  so  eopioody  iriien  concen- 
trated,  that  I  presume  it  is  capable  of  taking  up  consider- 
ably more  than  its  own  weight  of  die  sslt,  efen  tiiou^ 
previously  exposed  to  a  red  heat  to  diiripate  Ae  moistnrew 
So  much  heat  is  evolved  during  the  aohitioii  as  to  cause  the 
alcohol  to  boiL 

When  this  salt  is  exposed  to  the  air,  it  attracts  miusture 
very  speedily,  and  deliquesces. 

When  exposed  to  the  action  of  heat,  it  swdls  up,  melts^ 
and  then  loses  its  water  of  crystallization*  A  violent  heat 
separates  a  small  portion  of  muriatic  add.  When  thus 
altered,  it  has  the  property  of  shining  in  the  dark,  as  Horn- 
berg  first  observed :  Hence  it  has  been  called  the  pho^ho- 
rus  of  Homberg. 
Composi-  Of  the  experiments  hitherto  made  to  determine  the  con- 
*'^^  stituents  of  this  chloride^  the  following  are  the  most  ac- 

curate. 

Wensel4  Blaicetf  nenKlini.| 

Acid    ....     51    ...f.     49*23   48*1 

Lime  ....    49   50*77 51*9 


100  100*00  100*0 

When  these  analyses  are  corrected  by  converting  the  lime 


*  Hassenfrati,  Ann.  de  China,  zzviii,  IS. 

t  Nicholson's  Jounud,  ▼.  3S6.  {  Venfsodtscbafty  p.  103. 

§  Nicholson's  Journal|  zs.  89.  |f  Ann.  ds  Chpm.  hxvii.  a*. 
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into  calcium  acmrding  to  the  data  establislied  aboye,  we  Chap.  nr. 
obtain  the  composition  of  this  chloride  as  follows^ 

Wencd.  Maicet.  BcneUot. 

Chlorine..    6^'S2   ....     6S-23   ..••    62*41 
Calcium   .•     55*48   ....     36*77   ....     87'59 


100*00  100-00  100*00 

If  we  compare  these  analyses  with  the  numbers  deduced 
from  the  oxygen  gas  evolved  which  I  consider  as  exact,  it 
will  be  seen  that  &e  analysis  of  Dr.  Marcet  is  nearest  the 
truth, 

IV.  Iodine  of  calcium  may  be  obtained  by  combining  lodMt. 
hydriodic  add  and  lime,  and  exposing  the  compound  to  a 
strong  heaL  The  hydriodate  of  lime  is  a  very  soluble  and 
deh'quescent  salt  This  iodide  has  not  been  analjrsedy  but 
there  can  be  no  doubt  that  it  is  a  compound  of  1  atoift 
iodine  and  1  atom  calcium,  or  of 

Iodine 15*625 

Calcium 9*6iB 

When  lime  is  heated  in  vapour  of  iodine  no  oxygen  gas 
is  evcrfved.  Hence  it  appears  that  <»Lygen  has  a  greater 
afSnity  for  calcium  than  iodine  has. 

V.  We  are  ignorant  of  all  the  combinations  which  cal* 
cium  may  be  capable  of  forming  with  fluorine,  azot^  and 
the  whole  of  the  simple  acidifiable  combustibles.  It  com* 
bines  with  potassium  and  sodium,  bat  we  know  nothing  res» 
pecting  &e  nature  of  these  alloys. 

The  affinity  of  calcium  for  the  supporters  of  combustion  AffinhiM  gf 
are  in  the  following  order :  ctldum. 

Calcbm 
Chlorine 
Oxygen 
Iodine. 
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BARTRswas  discovered  by  Scheele  in  1774;  and  theDboowwy 
£rst  account  of  its  properties  publidifld  by  him  in  hit  Hm^  ^  ^mxjm. 
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Book  I.  sertation  on  Manganese.*  There  is  a  very  heavy  ifdneral, 
^^  most  freqaently  of  a  flesh  colour,  of  a  foliated  texture  and 
brittle,  very  common  in  Britain  and  most  other  countries, 
especially  in  copper  mines.  It  was  known  by  the  name  of 
ponderous  spar^  and  was  suj^sed  to  be  a  compound  of  sul- 
phuric acid  and  lime.  Gahn  analysed  this  min^^al  in 
1775,  and  discovered  that  it  is  competed  of  sulphuric  acid 
and  the  new  earth  discovered  by  Scheele.f  Sdieele  pub- 
lished an  account  of  the  method  of  obtaining  this  earth 
from  ponderous  spar.  X  The  experiments  of  these  chonists 
were  confirmed  by  Bergman,  $  who  gave  the  earth  the 
name  of  terra  ponderosa.  Morveau  gave  it  the  name  of 
barotej  and  Kirwan  of  baryles;\\  which  last  was  approved 
of  by  Bergman,**  and  is  now  universally  adopted.  Dif- 
ferent processes  for  obtaining  barytes  were  published  by 
Scheele,  Bergman,  Wiegleb^  and  Afiwelius ;  but  little  ad- 
dition was  made  to  the  properties  ascertained  by  the  origi- 
nal discoverer,  till  Dr.  Hope  published  his  experiments  in 
1793. ft  In  1797,  our  knowledge  of  its  nature  ¥ras  still 
&rther  extended  by  the  experiments  of  Pelletier,  Fourcroy, 
and  Vauquelin.^ 
Prepara-  Barytes  may  be  obtained  fi-om  ponderous  spar,  or  sul- 

phate of  barytes,  as  it  is  now  called,  by  the  following  pro- 
cess, for  which  we  are  indebted  to  Scheele  and  Vauquelin. 
Reduce  the  mineral  to  a  fine  powder;  mix  it  with  the 
eighth  part  of  its  weight  of  charcoal  powder,  and  keep  it 
for  some  hours  red  hot  in  a  crucible,  and  it  will  be  con- 
verted into  sulphurct  of  barytes.  Dissolve  the  sulphuret  in 
water,  and  pour  nitric  acid  into  the  solution,  and  the  sul- 
phur will  be  precipitated.  The  solution,  which  consists  of 
nitric  acid  combined  with  barytes,  is  to  be  filtered  and 
evaporated  slowly  till  it  crystallizes.  Put  the  crystals  into 
a  crucible,  and  expose  them  gradually  to  a  strong  heat ; 
the  nitric  acid  is  driven  off,  and  the  barytes  remains  in  a 
state  of  purity.§§ 

*  Scheele,  i.  61  and  78;  French  Tranilation. 
t  Bergman's  Notes  on  Schcffer,  §  167. 

I  Crell's  Annalsy  iii.  3,  £ng.  Trans.  §  Opusc.  iii.  291. 

II  From  BApu?,  heavy.  ••  Opusc.  iv.  261. 
ft  Edin.  Trans,  iv.  36.              H  Ann.  de  Chim.  xxi.  113  and  276. 
§  §  When  thus  prepared,  it  always  contains  about  0*08  of  caiixMiats 

of  barytes,  and  sometimes  mucb  more.    . 


tion. 
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Another  method,  attended  with  less  expense,  was  pointed  Chap.  in. 
out  long  ago  by  Dr.  Hope,  and  afterwards  improved  by  ^"""v— *'^ 
Pelletier.  The  method  is  this :  Decompose  the  sulphate  of 
barytes  by  heating  it  strongly  along  with  charcoal  powder. 
The  product  is  to  be  treated  with  water  to  dissolve  every 
thing  that  is  soluble ;  and  the  liquid,  being  filtered,  is  to  be 
mixed  with  a  solution  of  carbonate  of  soda.  A  white  pow- 
der falls.  Wash  this  powder,  make  it  up  into  balls  with 
charcoal,  and  heat  it  strongly  in  a  crucible.  When  these 
balls  are  treated  with  boiling  water,  a  portion  of  barytes  is 
dissolved,  which  crystallizes  as  the  water  cools. 

Barytes  obtained  by  the  first  method  is  a  greyish-white.  Properties, 
porous  body,  which  may  be  very  easily  reduced  to  powder. 
It  has  a  harsh  and  more  caustic  taste  than  lime ;  and  when 
taken  into  the  stomach  proves  a  most  violent  poison.  It 
has  no  perceptible  smell.  It  tinges  vegetable  blues  green, 
and  decomposes  animal  bodies  like  the  fixed  alkalies,  though 
not  with  such  energy. 

Its  specific  gravity,  according  to  Fourcroy,*  is  4 ;  but 

according  to  Hassenfratz  only  2'S74.f    But  diere  is  reasoi^i 

to  conclude,  from  the  method  employed  by  this  philoso- 

^  pher,  that  the  specific  gravities  which  he  assigns  are  all  too 

Jow. 

When  heated  it  becomes  harder,  and  acquires  internally 
a  bluish-green  shade.  When  exposed  to  the  blow-pipe 
on  a  piece  of  charcoal,  it  fuses,  bubbles  up,  and  runs  into 
globules,  which  quickly  penetrate  the  charcoal.^  This  is 
probably  in  consequence  of  containing  water,  for  LaVoisier 
found  barytes  not  affected  by  the  strongest  heat  which  he 
could  produce.  Gehlen  and  Bucholz  have  ascertained  that 
when  crystals  of  barytes  are  exposed  to  heat,  they  speedily 
melt  and  give  out  water.  When  the  heat  is  raised  to  red- 
ness they  again  undergo  fiision,  and  assume  the  appearance 
of  an  oil.  But  this  experiment  does  not  succeed  with 
barytes,  obtained  firom  the  nitrate,  by  Vauquelin's  process. 
This  difference,  they  showed,  is  not  owing  to  the  presence 
of  carbonic  acid,  or  of  any  earthly  matter  firom  the  cru- 
cible in  the  barytes  &pm  ih^  nitrate.§    The  fiisibility,  in 

•  Fonrcroy,  ii.  189.  t  Ann.  de  China.  xxTiii.  11. 

I  Fourcroy  wd  Vauqaeliq,  Ann.  de  Chim.  xxi.  976. 

)  Gehlen's  Jooinal  fiir  die  Cbemie,  Fbysik  und  Minenlogie,  it.  S59. 
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Book  I.    tfietet  caieiiowing^  Iconceiff^  to  the  bMfytdmhming 
'^^J^  a  portion  of  watar.* 

It  had  been  ioipactBd»  faj  BeigtaiaD,  that  barytei  wm  a 
Bietallic  oxideit  But  no  attenipti  to  delect  Ha  auppoeed 
metallic  baiit  were  attended  wA  any  snooeeii  till  after  the 
,  analysis  of  potaih  and  today  by  Diafyy  in  1808.  Thia  kn- 
mediately  led  to  the  idea  that  all  die  earths  were  likeiriw 
metallic  oxides.  Beneims  and  Fdntin  fint  ancceeded  in 
decomposing  baiytea^  by  eoqposing  a  ^bbole  of  mercury  to 
die  action  of  nqptive  dectiifiityy  whUe  ^aoed  npoe  moist- 
ened barytes  on  a  fdadnnm  plate;  an  amalgsm  of  the  metal 
itfbaiytes  was  fanned.  Da^  repeated  tiwse  eaperimeuti, 
and  by  distilling  the  amalgam,  succeeded  in  obtaming  small 
quantities  of  the  metal  of  barytei^  to  wUeh  he  gave  the 
name  of  teriiM.  More  latdy  Dr.  Claribe  has  deoompoeed 
barytes  by  sKposii^  ittoan  intense hea^  praduoed  I17  the 
combustion  of  a  stream  of  onygen  and  kydf  ogin  gss,  miBfd 
together  in  the  requisite  propoctiana  to  fann  water.  He 
has  giten  to  the  nuAal  of  baiyles  the  aane  of  pbUmmm. 
?Mpertiet  Barium,  thus  obtained,  is  a  solid  melpl  of  the  odour  of 
or  biifiua.-  ^y^^^  ii  melts  at  a  temperature  bekiw  rodnsssj  and  is  not 
volatilized  by  a  heat  capable  of  melting  plate  ^asi^  but  at 
that  temperature  it  acts  violently  upcm  the  glass;  probably 
decomposing  the  alkali  of  the  glass,  and  converting  it  into 
a  protoxide.  When  exposed  to  the  air  it 
absorbs  oxygen,  and  is  converted  into  barytes.  It 
rapidly  in  water,  tfid  seems  to  be  at  least  four  or  five  times 
heavier  than  that  liquid.  It  decomposes  water  with  great 
rapidity;  hydrogen  is  emitted,  and  it  isccmvertedinto  barytes. 
When  strongly  pressed  it  becomes  flat,  and  hence  appears 
to  be  both  ductile  and  malleable. 

II.  From  the  ^periments  of  Oay-Lussac  and  Thenard, 
we  learn  that  barium  combines  with  two  proportions  of 
oxygen,  forming  two  oxides  which  have  been  caJIed  barytes 
and  peroxide  rf  barium. 
Compoii-  1.  Barytes  is  the  substance  formed  when  barium  is  put 
^^J^  into  water.  It  has  been  known  once  the  yeur  1 774,  and 
is  found  abundantly  in  the  minend  kingdom,   CDiid>ined 


*  This  I  think  follows  enclentl j  from  the  eipeiiflMiits  of  Osy-Loysc 
and  Thenard.    See  lUohsrcbai  Ph7»icoK^iiiiiqQ6g,  1 170. 
t  OjnHciT.aiS. 
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lometimeB  with  caiixmic  add,  but  much  more  frequently  Chap.  ill. 
with  sulphuric  acid.  ~  ^ 

It  has  not  been  possible  to  make  any  direct  experiments 
on  the  quantity  of  oxygen  with  which  barium  combines 
when  it  is  converted  into  barytes.  But  there  is  another 
mode  by  which  we  have  it  in  our  power  to  determine  this 
point  with  tolerable  accuracy.  The  constituents  of  sulphate 
of  barytes  have  been  determined  as  follows : 

Sulphuric  acid  100 5 

Barytes 194 9^0 

And  carbonate  of  baiytes  is  composed  of 

Acid..  22 100        2-75 

3aryte6  78 SS^'Bii 9*75 

From  these  analyses  it  Is  obvious  that  the  equivalent 
number  for  barytes  is  9*75.  Farther,  it  will  be  found  that 
100  parts  of  sulphuric  acid  combine  with  a  quantity  of  base 
that  contains  20  oxygen,  while  100  of  carbonic  acid  combine 
with  a  quantity  of  base  containing  S6*267  oxygen.  Hence 
it  follows  that  194  parts  of  barytes  contain  20  of  oxygen, 
and  that  354*54  parts  contain  36*267  of  oxygen.  Accord- 
ing to  die  first  of  these  determinations,  100  parts  of  barytes 
contain  10*309  of  oxygen;  according  to  the  second,  100 
parts  of  barytes  contain  10*23  of  oxygen.  The  mean  of 
these  two  gives  10*2695  for  the  quantity  of  oxygen  in  100 
parts  of  btfytes.    Therefore  barytes  is  composed  of 

Barium 89*7805 

Oxygen 10*2695 

100-0000 

If  we  now  divide  the  number  9*75  (the  wei^  of  an  atom 

of  barytes)  in  the  proportion  of  89*7305  :  10*2695,  it  will  be 

as  follows : 

Barium 8*7538535 

Oxygen 0*9961415 

9*75 

But  the  number  for  oxygen  is  very  nearly  equal  to  1.  It 
is  obvious  that  tt  would  be  exactly  equal  to  it,  if  our  pre- 
ceding calculations  had  been  founded  upon  experiments 
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Book  I.,  quite  free  from  error.    There  can  be  no  doubt  then  that 
Divfaiion^l.  barytes  is  composed  of 

Barium  8*75 100 

Oxygen  1-00 11-42 

Barytes  then  is  a  compound  of  1  atom  barium  and  1  atom 
oxygen,  and  an  atom  of  barium  weighs  8*75. 

Peradde.  @«  Cray-Lussac  and  Thenard  found  that  when  dry  barium 
from  nitrate  of  barjFtes,  or  from  the  carbonate  of  barytes, 
decomposed  by  charcoal^  i$  heated  in  oxygen  gas;  it  ab- 
sorbs diat  gas  witli  great  itipidity.  The  peroxide  formed 
,  is  grey.  It  gives  put  its  excess  of  oxygen  when  put  into 
water.  When  heated  in  hydrogen  gas  the  hydrogen  is 
absorbed  and  water  formed,  which  remains  united  to  the 
barytes.*  We  have  no  data  for  determining  the  additional 
quantity  of  oxygen  which  barytes  absorbs  whea  copverted 
into  peroxide. 

Chloride.  III.  Barium  combines  readily  with  chlorine^  and  forms  a 
compound  called  chloride  of  barium.  It  may  be  formed  by 
heating  barytes  in  chlorine  gas.  The  oxygen  separates 
from  the  barium  and  tlic  chlorine  takes  its  place.  Davy, 
to  whom  we  are  indebted  for  this  experiment,  ascertained 
that  for  every  2  volumes  of  chlorine  absorbed,  1  volume  of 
oxygen  gas  was  given  out.  Hence  it  follows  that  this 
chloride  is  composed  of  1  atom  barium  and  1  atom  chlorine 
or  by  weight  of 

B^ium     8-75 100        66'04 

Chlorine  4-5     51-42 33-96 


100-00 

This  chloride  has  been  long  known  under  the^ame  of 
muriate  of  barytes.  Its  properties  were  first  investigated  by 
Scheele.f  Dr.  Crawford  wrote  a  treatise  on  it  in  1790. 
Since  that  period  many  processes  have  been  published  for 
preparing  it.J  To  Kirwan,  Haiiy,  Bucholz,  and  Bouillon 
La  Grange,  we  are  indebted  for  most  of  the  additions  made 
to  the  description  of  it  by  Scheele, 

•  Recherches  Physico-chimiques,  i.  169. 

t  CrelPs  Annals,  iii.  6;  English  Translation. 

X  See  Van  Mons,  Jour,  do  Phys.  xlv.  297.  Gocttling,Phil.  Mag. 
%x.n.  218.  Bouillon  La  Grange^  Ann.  de  Chim.  xlvii.  139.  Resat|  Ibid. 
If.  51. 
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The  easiest  method  of  preparing  it  would  be  to  dissdTk  Chip.  HI. 
carbonate  of  barytes  in  muriatic  add,  and  crystallize  the  ^"N^— ^ 
solution;  but  as  the  carbonate  of  this  earth  is  rare,  the  salt  ^^T*^ 
is  usually  formed  by  calcining  in  a  crucible  a  mixture  of 
sulphate  of  barytes  and  charcoal,  decomposing  by  means  of 
muriatic  acid  the  sulphuret  formed,  filtrating  the  solution, 
evaporating  it  till  a  pellicle  b^ns  to  form  on  its  sur&ces, 
then  allowing  it  to  cool  slowly.     The  crystals  of  the  chlo- 
ride gradually  deposite.    If  the  salt  happens  to  be  conta- 
minated with  iron,  which  is  often  the  case,  the  crystals  are 
to  be  calcined,  dissolved  in  water,  the  solution  filtered  and 
crystallized  again.     By  this  process  the  oxide  of  iron  is 
separated.    The  improvements  proposed  lately  consist  in 
promoting  the  fusion  and  decomposition  of  the  sulphate  of 
barytes,  by  adding  to  the  mixture  sulphur,  chloride  of  cal- 
cium, or  common  salt. 

The  primitive  form  of  this  chloride  is,   according  toFropcftte 
Haiiy,  a  four-sided  prism,  whose  bases  are  squares.     It 
crystallizes  most  commonly  in  tables.    Sometimes  it  assmnes 
the  form  of  two  eight-sided  p}nramids  applied  base  to  base.* 

It  has  a  pungent  and  very  disagreeable  taste ;  and,  like 
all  the  other  preparations  of  baiytes,  is  poisonous.  Its 
specific  gravity  is  2'8257.t  It  requires  2*29  parts  of  water, 
of  the  temperature  190°,  to  dissolve  one  of  this  salt.  It  is 
scarcely  less  soluble  in  cold  water.  Hence  it  cannot  be 
procured  in  crystals  by  cooling  a  saturated  solution  of  it  in 
hot  water.f 

From  the  experiments  of  Bucholz  we  learn,  that  pure 
alcohol,  while  cold,  dissolves  no  sensible  portion  of  it;  but 
at  a  boiling  heat  it  is  soluble  in  400  parts  of  that  liquid.  $ 
Weak  alcohol  dissolves  a  little  of  it,  and  the  solubility  in- 
creases with  the  dilution.  Alcohol  of  '900,  fpr  instance^ 
dissolves  ^w  of  its  weight  of  this  salt|| 

It  is  not  altered  by  exposure  to  the  open  air.  When 
heated,  it  decrepitates  and  dries,  and  when  the  temperature 
is  very  high  it  melts ;  but  no  heat  which  we  can  apply  is 
capable  of  decomposing  it, 

*  Crawford.  f  HassenfrJitz,  Ann.  de  Chim.  zxviii.  IS. 

I  Crawford.  §  Beitrage,  iii.  S4. 

||  Kirwan  oaMioeral  WaUn,  p.  274. 
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AgokL       Muqr aaalynt  of  it  Imw  bMi  fndiliilMd  faj  dUevent 
""^  *';  f hfimi^.    The  fidloiiii^  are  the  mart  «ociinite^di^ 

Kliwia.*         Boicf  Bendiot.^       Alkau^ 

Muriatic  acid  98-8  ••••  M-8  ••••  85*75  ••••  M 
Barytes  ....  76-S  •...  75*7  ..••  74-S5  ••••  79 

100         loot)  100  100 

When  we  make  the  xeqnisite  correctioiiSi  dieae  analyiei 
ffive  us  the  foUowioff  results : 

mm  ** 

Kimui.  Rom.  BenpeUoiL  AikcB. 

Chlorine  31*6  ••••  SS*06  ••••  8S*d6  •••,  S5*d8 
Barium    68*4  ••••  67*94  ••••  66*64  ••••  64*68 


100*0  100*00  100*00  100* 

An  of  these  analyaes  appear  to  be  near  minmmalfons  to 
the  truth.    That  of  Benselius  agrees  very  oearij  with  the 
numben  determined  above, 
lodkk.  IV.  Barium  combines  readify  irith  iodioiw  andfimnsan 

iodide  of  barium.  When  hydriodic  add  is  passed  oier 
barytes  at  the  temperature  of  —  4%  the  barytes  beoomes  led 
hot  and  abundance  of  water  is  ibrmed.  In  this  case  it 
is  obvious  that  both  the  borjrtes  and  hydriodic  add  are 
decomposed,  and  converted  into  water  and  iodide  of  barium.l| 
When  iodine  is  heated  with  barytes  a  eaod>ination  takes 
place,  but  no  oxygen  gas  is  given  out.  Hence  we  see  that 
oxygen  gas  has  a  stronger  affinity  for  barium  than  iodine 
has.  Iodide  of  barium  is  easily  formed  by  dissolving  barytes 
in  hydriodic  acid,  and  exposing  the  salt  formed  to  a  red 
heat.  This  salt  consists  of  fine  needles,  similar  in  ajqpear- 
ance  to  muriate  of  strondan.  It  is  gradually  decomposed 
by  exposure  to  the  atmosphere.**  This  iodide  has  not  been 
analized.  But  there  can  be  no  doubt  that  it  is  a  compound 
of  1  atom  barium  and  1  atom  iodine^  or  by  weight  of 

Barium    8*75 
Iodine    15*625 

*  Nicholson's  Quarto  Journal,  iii.  95. 

t  Gehien's  Journal  fiir  die  Cbemiey  Phjsik  und  Mineralogie,  iii.  S35. 
The  analjrtis  of  Bucholz  is  almost  tlw  Mme^ 

t  Ami.  de  Chim.  Ixxriii.  118.  §  Nidiolsoo's  JoutimI,  asii.  901. 

II  Gay-Lussac;  Ann.  de  Chim.  ici.  68.  **  Ibid. 
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V.  We  are  not  acquainted  with  the  compounds  which  chtprjp. 
barium  is  capable  of  forming  with  fluorine,  azote^  the  simple  '^— v*^ 
acidiiiable  combustibles,  potassium,  sodium,  and  calcium. 

The  order  of  affinities  of  the  simple  supporters  for  barium  Affinitia. 
is  as  follows : 

Barium 
Chlorine 
Oxygen 
Iodine. 


SECT.  V, 

OF  STRONTIUM. 

About  the  year  1787  a  mineral  was  brought  to  Edin- Disoovciy 
burgh,  by  a  dealer  in  fossils,  from  the  lead  mine  of  Stron-  ^^'^"'^ 
tian,  in  Argyleshire,  where  it  is  found  imbeded  in  the  or^ 
mixed  with  several  other  substances.  It  is  sometimes  trans- 
parent and  colourless,  but  generally  has  a  tinge  of  yellow  or 
green.  It  is  soft.  Its  specific  gravity  varies  from  S*4  to 
3*726.  Its  texture  is  generally  fibrous ;  and  sometimes  it  is 
found  crystallized  in  slender  prismatic  columns  of  various 
lengths.* 

This  mineral  was  generally  considered  as  a  carbonate  of 
barytes;  but  Dr.  Crawford  having  observed  some  differ- 
ences between  its  solution  in  muriatic  acid  and  that  of  bary* 
tes,  mentioned  in  his  treatise  on  muriate  of  barytes^  pub- 
lished in  1790,  that  it  probably  contained  a  new  earth,  and 
sent  a  specimen  to  Mr.  Kirwan,  that  he  might  examine  its 
properties.  Dr.  Hope  made  a  set  of  experiments  on  it  in 
1791,  which  were  read  to  the  Royal  Society  of  Edinburgh 
in  1795,  and  published  in  the  IVansactions  about  the  be* 
ginning  of  179i.  These  experiments  demonstrate,  that 
the  mineral  is  a  compound  of  carbonic  acid,  and  a  peculiair 
earth,  whose  properties  are  described.  To  this  earth  Dr. 
Hope  gave  the  name  of  strontites.  Klaproth  analysed  it 
also  in  1793,  and  drew  the  same  conclusions  as  Dr.  Hop^ 
though  he  was  ignorant  of  tbe  ecKperi^^ts  of  the  latter^ 

*  Hope,  Edin.  Trans,  iv.  44. 
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Book  I.     which  remained  still  unpublished.     Klaproth's  experiment 

PiTJwon  IL  ^gj.g  published  in  CreU*s  Annals  for  1798*  and  1794.t 
^"^^""'^  Kirwan  also  discovered  the  most  interesting  peculiarities  of 
this  new  earth  in  I79S9  as  appears  by  his  letter  to  CreU, 
though  his  dissertation  on  it,  which  was  read  to  the  Irish 
Academy  in  1794,  was  not  published  till  1795.  Hie  expe- 
riments of  these  philosophers  were  repeated  and  confirmed 
in  1797  by  Pelletier,  Fourcroy,  and  Vauquelin^  and  seve- 
ral of  the  properties  of  the  earth  still  fisurther  investigated. 
To  the  earth  thus  detected  Klaproth  gave  the  name  of  sfron- 
tian^  from  the  place  where  it  was  first  found ;  and  this 
name  is  now  generally  adopted. 

Strontian  is  found  abundantiy  in  di£ferent  parts  of  the 
world,  and  always  combined  with  carbonic  acid  or  sulphu- 
ric acid. 

£jg"*"  The  carbonic  acid  may  be  expdled  fit)m  the  carbonate, 
and  the  strontian  obtained  pure^  by  mixing  the  mineral 
with  charcoal  powder,  and  exposing  it  to  a  heat  of  140^ 
Wedgewood  ;§  or  by  dissolving  the  mineral  in  nitric  add, 
evaporating  the  solution  till  it  crystallizes,  and  exposing  the 
crystals  in  a  crucible  to  a  red  heat  till  the  nitric  add  is 
driven  off.  Strontian  may  be  obtained  from  the  sulphate  by 
following  exacdy  the  process  described  in  the  last  section  for 
obtaining  barytes. 

froperties.  Strontian,  thus  obtained,  is  in  porous  masses,  of  a 
greyish  white  colour;  its  taste  is  acrid  and  alkaline ;  and  it 
converts  vegetable  blues  to  green.  Its  specific  gravity, 
according  to  Hassenfratz,  is  1*647.  ||  It  does  not  act  so 
strongly  on  animal  bodies  as  barytes,  nor  is  it  poisonous.** 

Strontium.  Davy,  after  his  discovery  of  the  metallic  nature  of  potash 
and  soda,  was  naturally  led  to  consider  strontian  as  a 
metallic  oxide,  as  well  as  barytes  and  lime.  He  succeeded 
in  decomposing  it  by  the  3ame  processes  as  have  been 
detailed  in  the  preceding  sections  for  decomposing  lime  and 
bar3rtes.  To  the  metallic  basis  of  it  he  gave  the  name  of 
strontium. 

•  Vol.  ii.  189. 

t  Vol.  i.  99.    See  also  Klaproth's  Beitrage,  i.  360,  and  Jour  de  MiD« 
No.  V.  p.  61. 
t  Ann.  de-Chim.  xxi.  113  and  276.    Jour  de  Min.  An.  vi.  3. 
§  Kirwan.  ||  Ann.  de  Chim.  zxviii.  11, 

••  Pelletier,  Ibid.  wu.  12Q. 
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This  metal  is  white,  solid,  much  heavier  than  water,  and  cbap.  IIL 
bears  a  close  resemblance  to  barium  in  its  properties.  When 
exposed  to  the  air,  or  when  thrown  into  water,  it  rapidly 
absorbs  oxygen,  and  is  converted  into  strontian.* 

II.  Strotium,  as  far  as  is  known  at  present,  combines 
only  with  one  proportion  of  oxygen,  and  forms  the  well-  ^^  ^ 
known  compound  called  strontian.  We  have  no  direct  expe- 
riments on  the  quantity  of  oxygen  which  it  contains;  but  we 
may  ascertain  it  in  the  same  way  as  we  did  the  quantity  in 
barytes.  The  composition  of  sulphate  of  strontian^  accord- 
ing to  the  ^periments  of  Stromeyer  is 

Strontian. 1S2'55 6*627 

Sulphuric  acid  •  •  •  100 5 

The  carbonate  of  strontian  by  my  experiments  is  com- 
posed of 

Strontian 234*44 6*447 

Carbonic  acid  •  •  •  •  100 2*75 

The  mean  of  these  two  analyses  gives  us  the  equivalent 
number  for  strontian  6*537.  we  may,  therdbre^  without 
sensible  error,  consider  it  as  6' 5.  For  the  reasons  assigned 
in  the  last  section^  it  follows  that  100  parts  of  strontian,  by 
the  first  analysis,  contain  15*08,  and,  by  the  second,  15*47 
of  oxygen.  The  mean  of  both  is  15*275.  Therefore  100 
strontian  are  composed  of 

Strontium 84*725 

Oxygen 15*275 

If  we  divide  6*5  (the  weight  of  an  atom  of  jstrontian)  in  the 
proportion  of  the  numbers  84*725: 15*275,  we  obtain  for 
the  composition  of  strontian 

Strontium 5*507125 

Oxygen > 0*092875 

6*5 
It  is  evident  that  the  number  for  oxygen  would  have  been 
1,  had  the  experiments  on  which  oiu*  calculation  is  founded 
been  quite  free  from  error.    There  can  be  no  doubt  then 
that  strontian  is  composed  of 

*  Davy's  Edectro-diemical  Researches  into  the  Decomposition  of  Um 
Earths,  &c.  ^  Phil.  Trans.  1808. 
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Book  I.  Strontiiim •  •  5'5 100 

^5i;[i^^  Oxygen   1-0 IS'IS 

It  is  a  compound  of  1  atom  strontium  and  1  atom  axygsOf 
and  an  atom  of  strontium  weighs  5'5. 

Chloride.  HI.  When  strontian  is  heated  in  chlorine  gas  it  gives 
out  oxygen  gas,  and  combines  with  the  chlorine,  as  Davy 
first  observed.  The  compound  formed  is  chloride  of  stron^ 
tium* 

This  substance  has  been  long  known  in  chemistry  by  the 
name  of  muriate  of  strontiaru  It  was  first  described  by  Dr. 
Crawford  in  1790.  It  was  afterwards  examined  by  Dr. 
Hope,  by  Klaproth,  Pelleticr,  Fourcroy,  and  Vauquelin. 

It  may  be  prepared  by  dissolving  carbonate  of  strontian 
in  muriatic  acid,  or  by  decomposing  sulphuret  of  strontian 
by  means  of  that  acid.  The  solution  is  then  to  be  evapo- 
rated to  a  proper  consistence,  in  order  to  obtain  the  muriate 
in  crystals. 

Properties.  Its  crystals,  according  to  Haiiy,  are  very  long,  slender, 
hexagonal  prisms.*  It  has  a  peculiar  sharp,  poaetrating 
taste.  Its  specific  gravity  is  1  *440i^.f  Three  parts  of  these 
cr^'stals  are  soluble  in  two  parts  of  water  at  the  temporature 
of  60^.  Boiling  water  dissolves  any  quanti^  of  them 
whatever.^:  From  the  experiments  of  Bucholz,  we  learn 
that  24  parts  of  pure  alcohol,  at  the  temperature  of  60% 
dissolve  one  part  of  this  salt;  and  that  it  is  soluble  in  19 
parts  of  pure  boiling  alcohol.  $  The  alcohol  solution  bums 
with  a  fine  purple  colour. 

The  crystals  suffer  no  change  when  exposed  to  the  air, 
except  they  be  very  moist ;  in  which  case  they  deliquesce. 

When  heated,  they  first  undergo  the  watery  fusion,  and 
are  then  reduced  to  a  white  powder. 

Composi-        There  can  be  no  doubt  that  this  chloride  is  a  compound 
of  1  atom  chlorine  and  1  atom  strontium ;  or  by  weight  of 

Chlorine. ....  4*5 69*93 40"9 

Strotium 6'5 100 59*1 


tion. 


100-0 
**  Fourcroy,  iii.  262.  Eng.  Trans, 
t  Hassen^atZy  Ann.  de  Chim.  xxviii.  12. 

X  According  to  Crawtbrd,  they  dissolve  in  0*825  of  water  of  the  tem- 
perature 100* ;  but  they  are  much  less  soluble  in  cold  water.  Hanct 
they  crystallize  in  cooling.  §  Bucboht  Beitnige,  iii.  £9. 
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We  have  several  analyses  of  this  chloride,    giving  the  Chap.  III. 
constituents  as  if  it  were  a  muriate.    The  two  following 
are  the  most  recent : 

Kirwin.*  Rose.f 

Muriatic  acid 31 38*33 

Strontian .  • 69 61*67 


100  100* 

When  we  introduce  into  these  the  proper  corrections 
we  obtain  the  following  numbers : 

Kirwin.  Rose. 

Chlorine 41*6 47*81 

Strontium 58*4? 52*19 


100  100 

Kirwan's  analysis  we  see  is  by  far  the  most  accurate  of  the 
two. 

IV.  Little  is  known  respecting  the  iodide  of  strontium.  Iodide. 
When  strontian  is  heated  in  the  vapour  of  iodine,  it  absorbs 
that  subtance  without  giving  out  any  oxygen  gas.  The  iodide 
may  be  formed  by  dissolving  strontian  in  hydriodic  acid» 

and  exposing  the  salt  formed  to  a  strong  heat  without  the 
contact  of  air;  for  when  the  heat  is  applied  while  the  salt  is 
exposed  to  the  air  it  is  decomposed.:^  No  experiments 
have  been  made  on  the  proportions  in  which  the  constituents 
of  this  iodide  combine.  But  probably  they  unite  atom  to 
atom.  Supposing  this  to  be  the  case,  the  iodide  will  be  a 
compound  of 

Strontium 6'S 

Ipdme. i 15*625 

V.  We  know  nothing  respecting  the  combinations  of 
strontium  with  fluorine,  azote,  or  any  of  the  simple  com- 
bustibles. 

The  order  of  the  affinities  of  the  supporters  of  combus-  Affiniciw. 
tion  for  strontium  is  as  follows : 

Strontium 
Chlorine 
Oxygen 
Iodine. 

A  Nicfaol80ii*s  Qaarto  Journal,  iii.  815.      f  GMtf%  Joaraaly  vi.  33. 
*  Gay-Lusiac ;  Ann.  do  Chim.  xci.  60. 
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SECT.  VI. 


OF  MAGNESIUM. 


About  the  beginning  of  the  eighteenth  century,  a  Roman 
canon  exposed  a  white  powder  to  sale  at  Rome  as  a  cure  for 
all  diseases.  This  powder  he  called  magnesia  alba.  He 
kept  the  manner  of  preparing  it  a  profound  secret ;  but  in 
1 707  Valentini  informed  the  public  diat  it  might  be  obtained 
by  calcining  the  lixivium  which  remains  after  the  prepara- 
tion of  nitre ;  *  and  two  years  after,  Slevogt  discovered  that 
it  might  be  precipitated  by  potash  from  the  mother  ley  f  of 
nitre.  I  This  powder  was  generaUy  supposed  to  be  lime 
till  Frederic  Hoffinan  observed  that  it  formed  very  difierent 
combinations  with  'other  bodies.  $  But  little  was  known 
concerning  its  nature,  and  it  was  even  confounded  with  lime 
by  most  chemists,  till  Dr.  Black  made  hb  celebrated  experi- 
ments on  it  in  1755.  Margraff  published  a  dissertation  on 
it  in  |1 759,  II  and  Bergman  another  in  1775,  in  wUcbhe 
collected  the  observations  of  these  two  philosophers,  and 
which  he  enriched  also  with  many  additions  of  his  own.** 
Butini,  of  Geneva,  likewise  published  a  valuable  dissertation 
on  it  in  1779. 

As  magnesia  has  never  yet  been  found  native  in  a  state  of 
purity,  it  may  be  prepared  in  the  following  manner :  Sul^ 
phate  of  magnesia^  a  salt  composed  of  this  earth  and  sulphuric 
acid,  exists  in  sea-water,  and  in  many  springs,  particularly 
in  some  about  Epsom;  from  which  circumstance  it  was 
formerly  called  Epsom  salt.  This  salt  is  to  be  dissolved  in 
water,  and  half  its  weighfof  potash  added.  The  magnesia 
is  immediately  precipitated,  because  potash  has  a  stronger 
afKnity  for  sulphuric  acid.  It  is  then  to  be  washed  with  a 
sufficient  quantity  of  water,  and  dried. 


•  De  Magnesia  Alba. 

t  The  mother  ley  is  the  liquid  that  remains  after  as  much  as  possible 
of  any  salt  has  been  obtained  froip  it.  Common  salt,  for  instance,  is 
obtained  by  evaporating  sea-water.  After  as  much  salt  has  been  ex- 
tracted from  a  quantity  of  sea-water  as  will  crystallize,  there  is  still  a 
portion  of  liquid  remaining.    This  portion  is  the  mother  ley. 

}  Diss,  de  Magnesia  Alba. 

§  Obs.  Phys.  Chim.  1722,  p.  105  and  177.  ||  Opusc.  ii.  «0. 

•»  Opusc.  i.  365. 
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Magivesia,  thus  obtained,  19.  a  veiy  soft  white  powder,  Cbap.iii. 
which  has  very  little  taste,  and  is  tptally  destitute  of  smeiL  ^"^^^^ 
Its  specific  gravity  is  ^bout  2*3.  *     It  converts  delicate  ^^J^JJI. 
vegetable  blues  (paper,  fpt^ Instance',  st^ed  With  the  petals  sit. 
of  the  mallow)  to  greeil.     ' 

Davy,  after,  his  decomposition  df  potash  aiid  soda,-  tvas  DecompcK 
liaturolly  led  to  consider  magnesia  also  to  be  a  metallic'*'^'^' 
oxide.  He  succeeded  in  decomposing  it  by  the  same  pro- 
cess by  which  he  decomposed  the  other  alkaline  earths; 
When  moistened  magnesia  is  exposed  to  the  action  of  gal- 
vanism in  contact  with  mercury,  the  ea^h  is  reduced,  and 
jts  base  amalgamated  with  mercury  much  more  slowly  than 
the  other  alkaline  earths;  owing  probably  to  its  insolubility 
in  water.  The  process  succeeds  much  more  rapidly-  when 
moistened  sulphate  of  magnesia  is  substituted  fyr  the  pure 
earth.  To  the  base  of  magnesia  thus  obtained,. Davy  gave 
the  name  of  magnesium^  . 

Magnesium  is  a  white  solid  metal  having  the  appearahce  Magbi- 
of  silver;  sinks  rapidly  inwateri'  and  of  course  is  consider- "*""' 
ably  heavier  than   that  liquid.      When  the  JEimalgam  of 
magnesium  is  distilled  in  a  glass  tube  filled  with  the  vapour 
of  naphtha,  the  metal  appears  to  act  upon  the  glass  before 
the  whole  of  the  mercury  is  separated  from  it.     Of  course  it 
is  difficult  to  obtain  it  in  a  state  of  purity.     When  eicposed 
to  the  air  it  rapidly  absorbs  oxygen,  and  is  converted  into 
magnesia.     It  dccon^poses  water,  separating  the  hydrogen, 
and  combining  with  the  oxygen;  but  not  nearly  so  rapidly 
as  the  other  metals  obtained  from  the  alkaline  earths ;  owing  .' 
doubtless  to  the  insolubility  of  the  magnesia  in  water.   But 
when  the  water  is  acidulated  with  sulphuric  acid,  the  decom- 
position of  water  and  the  formation  of  magnesia  goes  on 
with  great  rapidity.f 

II.  We  are  acquainted  with  only  one  compound  of  mag- 
nesium and  oxygen;  namely,  magnesia.  Though  it  has 
not  been  possible  to  determine  the  proportion  of  its  consti- 
tuents by  direct  experiments,  we  can  settle  the  point  in  the 
same  way  as  we  ascertained  the  composition  of  barytes  and 
strontian. 

•  Kirwan's  Miner,  i.  8. 

f  Davy's  Electro-chemical  Researches  on  the  Decompositicte  of  th* 
£artbs,  &c    PhU.  Trans.  1808. 

VOL.  I.  •  S  A 
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Bodki.       Sulphate  of  magMfi&y  adcofdii^  to  die  txpenments  of 
^y^^Pj  Berzelins,  is  composed  rf 

GompQu-  Sulphuric  acid iOO      5 

tiooofoMg-  Magnesia  60*06   .......  2*51 

Henoe  it  b  obvious  that  the  equivalent  number  for  mag- 
nesia is  2*5.  Further  it  follows,  from  what  has  been  stal^ 
in  the  preceding  sections,  that  50  parts  of  magneda  oontaki 
SO  of  oxygen.    So  that  it  is  composed  of 

Magnesium •  •  60 

QStygen       iO 

If  we  divide  2*5  in  theratio  of  60;  40^  we  obtain  magnesia 
'  composed  of 

BCagnesinm 1*5  100     3 

Ox^^       1*0   66^   S 

Chloride.  IIL  When  magnesia  is  heated  in  chlorine  gas,  it  gives 
out  oxygen  gas,  and  combines  with  the  dilorine.  It  is  thus 
converted  into  a  chloride  qfmagnesiuuu  Davy,  to  whom  we 
are  indebted  for  this  experiment,  ascertained,  that  for 
every  volume  of  oxygen  gas  evolved,  2  volumes  of  dilorinc 
gas  were  absorbed.  Hence  it  follows,  that  this  chloride  is  a 
compound  of  1  atom  chlorine  and  1  atom  magnesium;  or 
by  weight  of 

Chlorine     4-5    75   100 

Magnesium 1*5   25   .•••..     83*S 

The  substance  formerly  known  by  the  name  of  muriaie  of 
magnesia  is  nothing  else  than  a  combination  of  this  chloride 
with  water.  It  exists  in  sea  water  and  in  several  mineral 
springs,  particularly  that  at  Ljinington  in  Hampshire.  It 
was  first  described  by  Mr.  Brown  in  the  Philosophical 
Transactions  for  1723 ;  *.  but  its  nature  was  not  understood 
till  long  afler,  when  the  experiments  of  Black  and  Margrafi* 
had  established  tlie  peculiar  nature  of  its  base.  Bergman 
afterwards  published  a  description  of  it.f  As  it  is  found 
native  in  abundance,  it  is  seldom  formed  artificially ;  but  it 
may  be  prepared  by  dissolving  carbonate  of  magnesia  in 
muriatic  acid,  and  evaporating  the  solution  to  a  proper  con- 
sistency, 

*  Pbil»  Trans,  uxii.  348.  t  Opusc  i.  382. 


It  is  not  easily  eiTStaUizecL    Bergnan's  method  m^B  %o  Chap.  ni. 
evaporate  it  bj  a  oonsidemble  heat  to  the  proper  degree  iit 
concentration,  and  then  to  expose  it  to  a  sodden  cold.    By  ^"voto* 
this  method  he  obtain^  it  in  small  needles.^    Its  specifiic 
gravity  is  l*601.t 

Its  taste  is  extremdy' bitter,  hot,  and  biting.  It  regnireB 
rather  more  than  half  its  weight  of  water  to  dissolve  it;  fb^ 
when  exposed  to  the  air  it  runs  into  a  liquid,  and  attracts 
•^  parts  of  its  weight  of  water4  The  solubility  in  alcohol 
increases  with  the  strength  of  that  liquid.  Alcohol  of  *817 
dissolves  half  its  weight  of  it,  but  alcohol  of  *900  only  -J-th 
of  its  weight  §  A  saturated  solution  of  it  quickly  forms  a 
jelly;  on  which,  if  hot  water  be  poured,  spongy  masses  are 
formed,  not  even  scduble  in  muriatic  add.  ||  It  ddiqneaces  ' 
very  speedily  when  exposed  to  the  air. 

When  strongly  heated,  the  water  which  .it  contains  is 
decomposed ;  the.  hydrogen  combines  with  the  chlorine  and 
flies  off  in  the  state  of  muriatic  acid,  while  the  oxygen  con- 
verts the  magnesium  into  magnesia. 

Of  the  analyses  made  of  this  salt,  under  the  supposition 
that  it  is  a  compound  of  muriatic  acid  ^axd  magnesia,  by  far 
the  most  accurate  is  th^t  of  WenzeL  Apcording.to  him** 
its  constituents  are, 

Muriatic  acid .57 

Magnesia       4S 

100 

When  we  make  the  requisite  corrections,  these  numbers 
give  us  the  composition  of.  the  chloride  as  follows : 

Chlorine      74*2 

Magnesium 25*8 

100-0 

Now  these  numbers  do  not  difier  much  from  those  vi^htdi  Iodide. 
Vfe  have  given  above,  founded  on  the  real  constitution  ctf 
the  chloride. 

rV.  The  iodide  of  magnesium  is  at  present  unknown. 
When  iodine,  magnesia,  and  water  are  heated  together,  a 

*  Bergman^  i.  S82.  f  Hassenfratz^  Ann.  ^e  China,  zxtuj.  IS. 

X  BeTfffnvif  Optnc.  i.  136.  §  Kirwan  on  Mineral  Waters,  p.  1I74« 

II  Beigman,  i.  S8S.  **  Varwandtschaft,  p.  104. 
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brawft-coloorad  nmlnfale  —****■**  it  ftnBsd^  uliiidi  Csy- 
t9  wkom  we  n^  badfdtMi  Sot  iht  eqMtiaw^  coo- 
»  an  wdide  of  magaesiaJ^  What  mmpirmi  is 
dwolied  in  b jdriodic  aciidy  •  iHiquetenit  aJt  l>  ohiawird 
wliidi  is  probdbly  a  compoond  of  iodide  of  ■Hpoinn  and 
water.  Botif^badieeiae^  tliewata*isdeeoaipoMdbj 
fiie  Implication  of  hart  ;hydriodic  add  fliciogaadMtgnM 
Rmams  bdiind* 

V.  Nbtlmy  if  known  Ffyctiag  the  combinalion  of  nag' 
llennm  with  iinorinc^  aaote^  and  t&  mipic  comboitibkfc 


WMMILT  tu 

The  iobrtanoei  ticloi^g  to  tins  finiilj  an  Aur  in  nnfli» 
ber;  nuodjf 

1«  ittnom  Sb  Almnnnun 

S..  Glttdnnm  4.  7StmniwB> 

The  compoonds wliicfa  Aeytam  widi  asjgen  are  whiter 
and  these  oxides  form  columhsi  aoltttions  in  adds,  Itjiss 
hitherto  bera  impossible  to  radnce  ibeni  in  any  qoantity  tp 
the  metallic  state.  Tb^areinsoliAlein  water^  andprodoes 
no  alteration  in  the  colour  of  vegetable  Maes.  On  that 
account  tliey  were  formerly  distinguished  in  chemistry  by 
the  name  of  earths  proper^ 


SECT.  I. 

OP  YTTRIUM, 

HiMorf.  Some  time  before  ITSS,  Captain  Arhenius  discovered,  in 

the  quarry  of  Ytterby  in  Sweden,  a  peculiar  mineral  diflfer- 
ent  from  all  those  described  by  mineralogists.  Its  colour  is 
greenish  black,  and  its  fracture  like  that  of  glass.  It  is 
magnetic,  and  generally  too  hard  to  be  scratched  by  a  knifet 
It  is  opaque^  except  in  small  pieces,  when  it  transmits  some 
yellow  rays.     Its  specific  gravity  is  •f'2S7.t    A  description 

*  Aon.  de  Cbim.  xci.  64. 

t  Gsdolin,  Crell's  ADoaU,  1796,  i.  313w«-Vaaqu6lio,  Adik  da  Chin.- 
ixxvi.  146.— -Klaproth't  Btitraae,  iii.  58. 


YTTRIUM*  4  557 

of  It  was  published  by  Geyer  in  1 788  in  Crell's  Annala,  and  Chtp.  in. 
by  Rinman  in  his  Miner's  Lexicon.  Professor  Gadolin  J^^^v**^ 
analysed  this  mineral  in  1794,  and  found  it  to  contain  anew 
earth :  but  though  his  apalysis  was  published  in  the  Stock- 
holm Transactions  for  1794,  and  in  CrclFs  Annals  for 
1796,  it  was  some  time  before  it  drew  the  attention  of  che- 
mical mineralogists.  The  conclusions  of  Gadolin  were 
confirmed  by  Ekeberg  in  1797,  who  gave  to  the  new  earth 
the  nameof  y^/na.*  They  were  still  farther  confirmed  and 
extended  by  Vauquelin  in  1800,f  and  likewise  by  Klaproth 
about  the  same  time;  %  &dc1  Ekeberg  published  a  new  dis* 
scrtation  on  the  subject  in  the  Swedish  Transactigns  for 
1 802.§  Since  that  time  it  has  been  repeatedly  examined  by 
Berzelius,  who  has  shown  that  the  yttria,  atf  examined  by 
Gadolin  and  Ekebei^,  was  not  pure.  He  has  himself  suo^ 
ceeded  in  separating  it  from  most  of  the  cerium  with  which 
it  was  contaminated,  and  has  described  its  properties.  || 

Hitherto  yttria  has  been  found  only  in  the  black  mineral  P^cikvi- 
first  analyse!  by  Gadolin,  and  hence  called  Gadolinite,  in  JJSu*^^^'' 
which  it  is  combined  with  black  oxide  of  iron  and  the  earth 
called  silica;  and  in  yttrotantalite,  which  from  the  descrip- 
tion of  Ekeberg  is  a  compound  of  tantalum  and  jrttria.  Both 
of  these  minerals  have  been  found  only  in  Sweden.  From 
the  first,  which  is  the  most  common,  the  yttria  may  be  pro- 
cured by  treating  the  mineral  reduced  to  powder  with  a 
mixture  of  nitric  and  muriatic  acids,  till  it  is  completely 
decomposed ;  then  filtering  the  solution,  previously  evapo- 
rated nearly  to  dryness,  and  diluting  it  with  water.  By 
this  process  the  silica  is  left  behind.  The  liquid  which 
passes  through  the  filter  is  to  be  evaporated  to  diyness,  and 
the  residue  heated  to  redness  for  a  considerable  time  in  a 
close  vessel,  and  then  redissolved  in  water  and  filtered. 
What  passes  through  the  filter  is  colourless ;  when  treated 
with  ammonia  a  mixture  of  yttria  and  oxide  of  cerium  falls. 
Heat  this  powder  to  redness,  dissolve  it  in  nitric  acid,  and 
evaporate  to  dryness  to  get  rid  of  the  excess  of  acid.  Dilute 

*  Crell's  AnxiaU,  1799,  ii.  63.  f  Ann.  de  Chim.  xxxri.  143. 

t  Ann.  de  Chim,  xxxvii.  86,  and  Beitrage,  iii.  52. 

§  Kong).  Vetenskaps  Acad,  nya  Handlingar,  1803,  p.  68,  and  Jonr. 
de  Chim.  iii.  78. 

II  Annals  of  Philosophy,  iii.  359.  Afhandlingar  i  Fysik,  Kemi  ocK 
Mineralogi,  iv.  IS17,  S35. 


bLUciNUif,  851^ 

From  the  experiments  of  Berzelius  it  appeaipB  that  stil-  Chsp.  ui. 
phate  of  yttria  is  composed  of  equal  weights  of  acid  and  ' 
tnse.*    So  that  the  equivalent  number  for  yttria  is  the  same 
as  for  sulphuric  add ;  namely  5,    It  follows  from  thi^  ex- 
periment that  100  parts  of  yttria  must  contain  30  of  oxygePf 
So  that  yttria  is  composed  of 

Yttrium ....  80   ....  4   . .  • .  100 
Oxygen....  20   1    ....     25 

Yttria  then  is  composed  of  1  atom  yttrium  +  1  atom  oxy- 
gen; and  the  weight  of  an  atom  of  yttrium  is  4. 


SECT.  II- 

OF  GLUCINUM. 


The  beryl  is  a  transparent  stone^  of  a  green  colour,  and  History. 
^  considerable  degree  of  hardness,  which  is  found  crystal- 
lized in  the  mountains  of  ISberia,  and  in  many  other  parts. 
Vauquelin  analysed  this  mineral  in  1798,  at  the  request  of 
HaUy,  to  determine  whether  it  ^as  formed  of  the  same  in« 
grediehts  with  the  emerald^  as  Haiiy  had  conjectured  from 
mineralogical  considerations.    The  result  of  the  analysis . 
was  a  confirmation  of  the  suspicions  of  Haiiy,  and  the  dis- 
covery of  a  new  earth,  to  which  Vauquelin  and  his  asso* 
ciates  gave  the  name  o{glucina,f   The  experiments  of  Vau- 
quelin have  beenxepeated  by  Klaproth:)^  and  other  eminent 
chemists. 

To  obtain  glucjna  pure^  the  beryl  or  the  emerald,  reduced  Pirepa»« 
to  powder,  is  to  be  fused  with  thrice  its  weight  of  potash.  2mL^^" 
The  mass  is  to  be  diluted  with  water,  dissolved  in  muriatie 
acid,  and  the  solution  evaporated  to  dryness.  The  residuum 
is.  to  be  mixed  with  a  great  quantity  of  water,  and  the  whole 
tlurown  on  a  filter.  The  siUca,  which  constitutes  more  than 
half  the  weight  of  the  stone^  remains  behind ;  but  tha  gliH 
cina  and  the  other  earths,  being  combined  with  muriatie 
acid,  remain  i{i  solution*  Precipitate  them  by  means  of 
carbonate  of  potash.  Wash  the  precipitate,  and  then  dis- 
solve it  in  sulphuric  add^    Add  to  the  solution  sulphate  of 

•  Afhandlii^iar,  i?.  SM.  t  Aan.  fbCkim.  «i?L  155. 

t  BMtnge^  iii.  M. 


$QO  filMPLB  COMBUSTIBLES. 

HooIe  I.   potash ;  emporate  it  to  thi^  pn^>er  consistency,  and  set  It 
IXVition  11.  by  to  orysCallice.     Alam  cr^rtals  gradually  form.    Vfhen 
^'^>0^^  3g  many  of  these  as  possible  have  been  obtained,  poor  into 
the  liquid  carbonate  of  ammonia  in  excess^  then  filter,  snd 
boQ  the  liquid  ft>r  some  time.    A  white  powder  graduaDy 
appears,  which  is  gludnou 
fkopertict.       Glucina,  thus  ol^tained,  is  a  soft  light  white  powder,  with- 
out either  taste  or  smeU;  which  has  the  property  of  adher- 
ing strongly  to  the  tongue.    It  has  no  action  on  vegetsble 
colours,    Its  q)ecific  gravity  is  2*976.* 

It  is  insoluble  In  water,  but  forms  with  a  small  quantity  of 
that  liqiiid  a  paste  which  h^s  a  pertain  d^ree  of  ductility. 
It  does  not  combine  with  oxygen  nor  with  any  of  the  sim- 
'  pie  combi|stibles ;  but  si^hureled  hydrogen  dissolves  it, 
and  forms  with  it  a  hydrosulphuret^  similar  to  other  hjdro- 
sulphurets  in  its  prc^>erties.t 

Glttdna  is  soluble  in  the  liquid  fixed  alkalies,  in  which  it 
agrees  with  alumina.  It  is  insoluble  in  ammonia,  bi;^  solu* 
ble  in  carbonate  ofi^mmonia,  in  which  req^ect  it  agrees  with 
y ttria ;  but  it  is  about  five  times  inpre  soluble  in  carbonate 
of  ammonia  than  that  eartbf 

It  combines  with  all  the  acid%  and  forms  with  than 
sweet-tasted  salts, j:  as  is  the  case  also  with  yttria. 
I&^icioum.  IL  From  the  experiments  of  Sir  H.  Davy  there  is  reason 
to  conclude  that  glucina  like  yttria  is  a  metallic  oxide. 
When  heated  with  potassium  diat  metal  is  ccmverted  into 
potash,  and  grey  metallic-looking  paiiicles  are  observd 
mixed  with  the  potash,  which  when  put  into  water  slowly 
evolve  hydrogen  gas  and  are  converted  into  glucina. 

According  to  the  experiments  of  ^er^us,  $  s\ilphate  of 
glucina  is  composed  as  follows, 

Acid 100      5 

Glucina 64f*l    3*205 

Hence  the  equivalent  number  for  glucina  is  3*25.  Farther 
64  glucina  must  contain  20  parts  of  oxygen,  therefore  it  is 
composed  of 

.  Glucinum 44   •  100 

Oxygen 20   • .  .  •  ^ .     ^5:45 

*  Ekeberg,  Ann.  de  Chim.  xliii.  277.  f  Foorcroy,  iL  15S. 

f  Hence  the  name  glucina ,  from  xXi/«9c,  sweei. 

\  Attempt  to  establish  a  pure  identiEc  system  of  MiQeralou,  p,  184^ 


ALLtJMlKVBC  SSI 

If  we  divide  the  number  S*25  in  the  proportion  of  100  :  45  Cbap.  ill. 
we  obtain  glucina  composed  of  '*    '  •       ^^ 

Glucinum  ..••..  2-25   100 

Oxygen 1*00   44*4 

Hence  we  see  that  glucina  is  composed  of  1  atom  glndnum 
and  1  atom  oxygen,  and  that  the  weight  of  an  atom  of  glu« 
cinum  is  2*2^. 


SECT.  III. 

OF  ALUMINUM. 

• 

Alum  is  a  salt  which  was  wdl  known  to  the  aqjcients,  and 
employed  by  them  in  dyeing,  but  they  were  ignorant  of  its 
component  parts..  The  alchymists  discovered  that  it  is  com- 
posed of  sulphuric  acid  and  an  earth ;  but  the  nature  of  thia 
earth  was  long  unknown.  Stahl  and  Neuman  supposed  it 
to  be  lime ;  but  in  1728  Geofiroy  junior  proved  this  to  be  a 
mistake,  and  demonstrated,  that  the  earth  of- alum  consti- 
tutes a  part  of  clay.*  In  1754,  Margraff  showed  that  thd 
basis  of  alum  is  an  earth  of  a  peculiar  nature,  different  from 
every  other;  an  earth  which  is  an  essential  ingredient  iii 
days,  and  gives  them  their  peculiar  propertie8.t  Hence 
this  earth  was  called  argil ;  but  M orveau  aftei*wards  gave  it 
the  name  of  alumina^  because  it  is  obtained  in  the  state  of 
greatest  purity  from  alum.  The  properties  of  aluinina  were 
still  fistrther  examined  by  Macquer  in  1758  and  1762,;!:  by 
Bergman  in  1767  and  1771,$  and  by  Scheele  in  1776  ;||  not 
to  mention  several  other  chemists  who  have  contributed  to 
the  complete  investigation  of  this  substance.  A  very  in- 
genious treatise  on  it  was  published  by  Saussure  junior  in 
1801.** 

Alumina  may  be  obtained  by  the  following  process :  Dis-  Pkepuik 
solve  alum  in  water^  and  add  to  the  solution  ammonia  as  |IIS« 
long  as  any  precifntate  is  formed.    Decant  off  the  fluid 
part,  and  wash  the  precipitate  in  &  large  quantity  of  water^ 

*  Mem.  Par.  1728,  p.  303. 

f  Mem.  Berlin,  1754  and  1759.  Margraff,  ii.  1.  I  Mem.  Paris. 

f  Beigpiafl,  L  S87,  and  v.  71.         H  Sdwele,  i.  191,  French  TransL 
f*  ^our.  de  Pbys.  Iii.  S8Q, 


Udkh  and  Owq  allow  k  te  diy.  Tta  iwhrtipw^  ihWk  UllMiHiiril 
MMonil.  abanma;  not  hdirever  in  •  state  of  abiohllA  pw^  far  it 
^"^^^^"^^  itill  retftUM  a  portioo  of  the  lolpharic  add  idtli  whSdt  it 
was  oombined  in  the  alum.  But  it  mi^  be  rendoed  toleti- 
ably  pure^  pnmded  it  has  been  deprived  o#  an  the  potadi 
hj"  caaeU  wasUnj^  if  we  caspose  it  to  a  strong  beat  in  •  pla* 
tiMon  cincftde.  For  at  a  hi|^  temperatore  tiie  ariphwrie 
add  may  be  driven  tf  almost  oompletety: 

The  earth  thns  obtained  assomes  two  very  diflsraut  ap* 
pearances  according  to  die  way  in  wbidi  the  precipitation 
has  been  conducted  If  the  eartlij  salt  be  diasolved  in  ss 
little  water  as  possible^  the  alumina  has  the  appearance  of  a 
white  eartht  light,  friable^  va:y  ifio^gyy  and  affafihing  itsdf 
stronfi^y  to  the  tongue.  In  this  state  Sanssnre  disTJngnishes 
it  by  the  name  atsfiongg  nhmiwnk 

Btaitif  thesahhasbeendflsolved  in  a  gnat  qnandty  of 
water,  the  alumina  is  obtained  fa  a  britda  tnmspaicnt  yd- 
Ibw-cokmred  mass,  ^Utttng  in  pieces  KDm  nffl  8b1|A^ 
held  in  the  hand.    Its  fhutere  is  sqHMtfi  and  miwhoidal; 
it  does  not  adhere  to  the  toqgoih  and  has  not  the  common 
appearance  of  an  eardiy  body.    In  ^hb  stalo  Sanssuie  gi^^ 
it  die  name  dSgdathnms  atumna.^ 
fiapufam.      Ahimina  has litde  taste:  when  pQieb  it lui* >>P  smdf;  but 
if  it  contains  oxide  of  iron,  which  it  often  doei^  if  emits  a 
peculiar  smell  when  breathed  tqxm,  known  by  the  name  of 
earthy  smell.f    This  smell  is  very  petceptBrie  in  common 
clays.    The  spedfic  gravity  of  alumina  is  MOf 
Coacratied      When  heat   is  applied  to  alumina  it  gcadualty  loses 
^  ^^     weight,  in  consequence  of  the  eviqporation  of  a  qnanti^  of 
water  with  which,  in  its  usual  state,  it  is  combined;  at  the 
same  dme  its  bulk  u  considerably  diminished.    The  sponge 
alumina  parts  with  its  moisture  very  readily,  but  Aegelati- 
Rous  retains  it  very  strongly.    Spongy  dumina,  wlitn  ex« 
posed  to  a  red  beat,  loses  0*58  parts  of  its  wci^t;  g^ti- 
nous,  only  0949 :  Spongy  alumina  loses  no  more  than  0*^8 
when  exposed  to  a  heat  of  ISO^  Wedgewood ;  gdadnons  in 
the  same  temperature  loses  but  0*48^.    Yet  Sanssnre  has 
shown  that  both  spedes,  after  beii^  dried  |n  the  tenqper* 
ature  of  60%  contain  equal  proportions  of  water*  | 

I* 
:  Kirwan's  Miner,  i.  1.  §  Joar  <b  AjFi.  fib  aSS;  - 


zxmcomim.  ^  S69 

Bavy  was  natoraUy  led  by  his  pnrnous  disoov«ries  to  Omp.  iti. 
consider  akmiiia  as  a  metaUic  OKuie.  Jlis  esperioMiits  ^  v  '  '' 
leave  little  doubt  on  the  subject,  thooxrh  he  did  not  succeed  ^^n^- 

!••         •  .1.         •'  o  ^        num. 

in  obtaining  the  metal  m  a  separate  state.  When  potassium 
is  passed  through  alumina  heated  to  whiteness,  a  consider- 
able proportion  of  it  is  converted  into  potash,  and  grey  me^ 
tallic  particles  are  perceived  in  the  mass^  which  e£Bvvesoa 
in  water  and  are  converted  into  alumina.  When  a  globule 
of  iron  is  fused  by  galvanism  in  contact  with  moist  alumina 
it  forms  an  alloy  with  aluminum**  It  effervesces  slowly  m 
water,  being  covered  with  a  white  powder.*  To  this  metal- 
lic basis  Davy  gave  the  name  of  ahiminwrn. 

II.  According  to  the  ezperim^ts  of  Berzeliusf  sulphate 
of  alumina  is  composed  of 

Snlpburic  acid  •  •  •  •  100  5 

Alumina 42-7«   2-115 

From  this  experiment  it  follows  that  the  equivalent  number 
for  alumina  is  2*115.  We  shall  consider  it  as  2*125. 
Farther,  42*722  parts  of  alumina  must  contain  20  parts  of 
oxygen.    Hence  alumina  is  composed  of 

Aluminum 22*722 

Qag^gen 20 

Or,  dividing  2*125  in  the  proportion  pf  these,  numbers,  it|. 
constituents  ar^ 

Aluminum 1*125 100 

Oxygen 1  28*8 

Hence  it  appears  that  alumina  is  a  compound  of  I  atom 
aluminum  and  1  atom  oxygen,  and  that  an  atom  of  aluml- 
nmn  weij^  1*125. 


SECT.  IV. 

OF  ZIBCONIUM. 

Among  the  precious  stones  which  come  from  the  island  Hittorf. 
of  Ceylon,  there  is  one  called  jargon,  or  saram,  which  is 
po8sei»ed  of  the  following  properties : 

^  Etements  of  Chemical  Philotophy,  p.  959* 
f  Ann.  de  Cfaim.  bcxiii.  14. 
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Btook  I.  Its  .colour  is  Various;  grey,  greenish-vhite^  j^M/w^ny 
^'reddish-brown,  and  violet  It  is  olten  crystallized,  either 
in  right-angular  quadrangular  prisms  surmounted  with 
pyramidal  or  octahedrons  consisting  of  double  quadrangular 
pyramids.  It  has  generally  a  good  deal  of  Iu«tr^  at  least 
internally.  It  is  mostly  semitransparent.  Its  hiodness  is 
finom  10  to  16 :  its  spedfic  gravity  from  4*416  to'4*7.* 

1%  loses  scarcely  any  of  its  weight  in  a  melting  heat;  for 
Klaproth,  who  analysed  it  ih  17B9,  found  that  800  grains, 
after  remaining  in  it  for  an  hour  and  a  hal^  were  only  -fth 
ofagrain  lighter  than  at  firstf  Neither  was  it  attacked 
either  by  muriatic  or  sulphuric  acid,  ev^  when  assisted  by 
heat  AtlalBt,  bycaldniligit  with  a  laige  quantity  of  soda, 
he  dissolved  it  in  muriatic  add,  and  found  that  100  parts  of  it 
contained  31*5  of  silica,  0*5  of  a  mixture  of  nickd  and  iron, 
and  68  of  a  new  earth,  possessed  of  peculiar  properties, 
which  has  received  the  name  of  ztroonio,  from  the  mineral 
in  whidi  it  was  detected.  Owing  prbbaUy  to  the  scardty 
of  the  riroon,  nobody  attempted  to  repeat  the  anylyds  of 
Klaproth,  or  to  verify  his  discovery.  In  1795  he  pub- 
lished his  analysis  of  the  hyaantK  ancither  mineral  from  the 
same  island.  In  which  he  also  detected  a  large  proportion  of 
zirconia,  expressing  his  hopes  that  it  would  induce  chemists 
to  turn  their  attention  to  the  subject:^  This  analysis  induced 
Guyton  Morveau,  in  1796,  to  examine  the  hyacinths  of 
Expailly  in  France.  They  proved  similar  to  the  hyacinths 
of  Ceylon,  and  contained  the  pr(qx)rtion  of  rirconia  indi- 
cated by  Klaproth.  $  These  experiments  were  soon  after 
repeated,  and  the  nature  of  the  new  earth  still  further  ex* 
amined  by  Vauquelin.|| 
PMpan-  Zircopia  has  hitherto  been  found  only  in  the  zircon  and 
^JJ5^"''  hyacinth.  It  may  be  obtained  pure  by  the  following  pnv 
cess :  reduce  the  mineral  to  powder,  mix  it  with  thrice  its 
wdght  of  potash,  and  fose  it  in  a  crudble.  Wash  the  mass 
in  pure  water  till  the  whole  of  the  potash  is  extracted ;  then 
dissolve  the  residuum  as  &r  as  possible  in  diluted  muriatic 
add.  Boil  the  solution  to  predpitate  any  silica  which  may 
have  been  dissolved;  then  filter^  imd  luld  a  quantity  of 

*  Rirwan's  Miner,  i.  333.  f  Jour,  de  Phys.  xxxri.  18(K 

X  Beitrage,  i.  S31.  §  Ann.  de  Chim.  xxi.  79, 

t  Ana.  dt  Chim.  xtii.  15^  and  Jour,  de  Min'.  Aa.  ?•  97, 
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potash.    The  zirconia  precipitates  in  the  state  of  a  fine  Chap,  it r. 
powder.  s— ^"-^ 

Zirconia,  thuR  prepared,  has  the  form  of  a  fine  white  l^wp«rt««- 
powder,  which  feels  somewhat  harsh  when  rubbed  between 
the  fingers.  It  has  neither  taste  nor  odour.  It  is  infusible 
before  ihe  blowpFpe;  but  when  heated  violently,  in  a  char-^ 
coal  crocible,  it  midergoes  a  kbid  of  imperfect  fusion,  ac- 
quires a  grey  colour,  and  something  of  the  appearance  of 
porcelain.  In  this  state  it  is  very  hao'd,  its  specific  gravity 
is  4*3,  and  it  is  no  longer  soluble  in  acids. 

Zirconia  is.insolnble  in  water:  but  it  has  a  considerably 
affinity  for  that  liquid.  When  dried  slowly,  after  bein^or 
precipitated  from  a  solution,  it  retains  about  the  third  of  its 
weight  of  water,  and  assumes  a  yellow  colour,  and  a  certain 
degree  of  transparency,  which  gives  it  a  great  resemblance 
to  gum  arable* 

It  does  not  combine  with  oxygen,  azote,  or  the  simple 
combustibles ;  but  it  has  a  strong  affinity  for  several  metiEd- 
lie  oxides,  especially  for  oxide  of  iron,  from  which  it  is 
very  difficult  to  separate  it. 

It  is  insoluble  in  liquid  alkalies,  neither  can  it  be  fused 
along  with  them  by  means  of  heat ;  but  it  is  soluble  in  alka- 
line carbonates. 

Davy  subjected  zirconia  to  the  same  experiments  as  the  Zifooniam; 
other  earths  described  in  the  three  preceding  sections,  and 
obtained  the  same  evidence  for  its  metallic  kiature.    To  thft 
metallic  basis  he  gave  the  the  name  of  zirconium. 

As  no  very  accurate  analyses  of  the  salts,  containing  a 
basis  of  zirconia,  have  been  hitherto  made,  we  have  no  good 
data  for  determining  its  equivalent  number,  and  for  deducing 
jBrom  it  its  composition.  The  analyses  published  by  Kla- 
proth  and  Vauquelin  lead  us  to  consider  its  equivalent 
number  as  5*625.    And  to  suppose  it  composed  of 

Zirconium 4*625  .*....  100 

Oxygen 1 23*78 

Tlese  numbers  may  be  employed  as  approximations  till 
better  data  enable  us  to  determine  the  point  with  more 
precision. 

*  Vauquelin,  Ann.  de  Chim.  ziii.  158. 
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Vvmum-il.  FAMILY  III. 

This  fiunily  includes  under  it  six  substances,  all  of  which 
are  of  a  metfJIic  nature  ;^  namely: 

1.  Iron  5^  Cobalt  5.  Cerium 

S.  Nid^el  4.  Manganese        €.  Uranium 

They  are  distinguished  firom  the  other  metals  compre- 
hended under  this  genus  by  two  properties.  1.  lleir 
oxides  cannot  be  reduced  to  die  metallic  state  by  the  most 
violent  heat  which  can  be  applied.  2.  When  dissolyed  in 
B&  acid  they  cannot  be  precipitated  in  the  metallic  state  by 
plunging  into  die  solution  a  rod  composed-  of  any  other 
metaL 


SECT.  I. 

OF   IRON. 

Hittoiy.  Irov,  the  inost  abundant  and  most  useful  of  all  the 
metals,  was  neither  known  so  early,  nor  wrought  so  easily, 
as  gold,  silver,  and  copper.  For  its  discovery  we  must 
have  recourse  to  the  nations  of  the  east,  among  whom, 
Indeed,  almost  all  the  arts  and  sciences  first  sprung  up. 
The  writings  of  Moses  (who  was  bom  about  1635  years 
before  Christ)  furnish  us  with  the  amplest  proof  at  how 
early  a  period  it  was  known  in  Egypt  and  Phccnicia.  He 
mentions  furnaces  for  working  iron,*  ores  from  which  it 
was  extracted :  f  and  tells  us,  that  swords,J  knives,}  axes,|| 
and  tools  for  cutting  stone,**  were  then  made  of  that  metal. 
How  many  ages  before  the  birth  of  Moses  iron  must  have 
been  discovered  in  these  countries,  we  may  perhaps  con- 
ceive^ if  we  reflect,  that  the  knowledge  of  iron  was  brought 
over  from  Phrygia  to  Greece  by  the  Dactyli,ff  who  settled 
in  Crete  during  the  reign  of  Minos  L  about  1431  years 
before  Christ ;  yet  during  the  Trojan  war,  which  happened 
200  years  after  that  period,  iron  was  in  such  high  estima- 

•  Deut.  iv.  20.  f  Ibid.  viii.  9.  t  Numb.  xxxv.  16. 

$  Levit.  i.  17.  Jl  Deut.  xviii.  5.  >•  Ibid.  »vii.  5. 

tt  Hesiod,  as  quoted  by  Pliny,  lib.  vii.  c.  5T. 
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tion,  that  AchHles  prqxiBcd  a  ball  of  it  as  one  of  %ii  ptizes  chap.  ni. 
during  the  games  which  he  celebrated  in  honour  of  Paired  *^— v*^ 
clus.  At  that  period  none  of  their  weapons  were  formed  cf 
iron.  Now  if  the  Greeks  in  200  years  had  made  so  Iktle 
progress  in  an  artwhich  they  learned  from  others,  how  lon^ 
must  it  have  taken  the  Egyptians,  Phrygians,  Chalybes,  or 
whatever  nation  first  discovered  the  art  of  working  iron,  to 
have  made  that  progress  in  it  which  we  find  they  had  done 
in  the  days  of  Moses  ? 

1.  Iron  is  of  a  bluish  white  colour;  and,  when  polished,  PropertMi 
has  a  great  deal  of  brilliancy.    It  has  a  styptic  taste^  and  ^  "^^ 
emits  a  smell  when  rubbed.       , 

2.  Its  hardness  exceeds  most  of  the  metab ;  and  ft  may  be 
ir«uiered  harder  than  most  bodies  when  converted  into 
steel.    Its  specific  gravity  varies  from  7*6  to  ?•§.* 

S.  ft  is  attnacted  by  the  magnet  or  loadstone,  and  ii 
itself  the  substance  which  constitutes  the  loadstone.  But 
when  iron  is  perfectly  pure,  it  retains  the  magnetic  virtne 
for  a  very  short  time. 

4.  It  is  malleable  in  every  temperature,  and  its  malea- 
bility  increases  in  proportion  as  the  temperature  augments ; 
but  it  cannot  be  hammered  out  nearly  so  thin  as  gold  or 
silver,  or  even  copper.  Its  ductility,  however,  is  more 
perfect ;  for  it  may  be  drawn  out  into  wire  as  fine,  at  leasts 
as  a  human  hair.  Its  toiacity  is  such,  that  an  iron  wir^ 
0*078  of  an  inch  in  diameter,  is  capable  of  supporting 
S49*^5  lbs.  avoirdupois  without  breakitig.f 

5.  When  heated  to  about  158®  Wedgewood,  as  Sir 
George  M^Kenzie  has  ascertained,:^  it  melts.  This  tempe- 
rature being  nearly  the  highest  to  which  it  can  be  raised,  it 
has  been  impossible  to  ascertain  the  point  at  which  this  melted 
metal  bc^ns  to  boil  and  to  evaporate.  Neither  has  the 
form  of  its  crystals  been  examined :  but  it  is  well  known 

^  Kirwmn's  llin.  fi.  155.  Dr.  Shaw  states  the  sptdfic  gravity  of  inoo  at 
7*645.  Shaw's  Boyle,  ii.  345.  Brisson  at  7*788.  Mr.  Hatchett  found 
a  specimen  7*700.  On  the  AlUjyt  of  Gold,  p.  66,  Swedenburgh  states 
it  at  7*817.  According  to  Muschenbroeck,  hammered  iron  softened  Jt>y 
heat  is  of  the  specific  gravitj  7*600 ;  the  same  hammered  hot,  becomes 
7*7693;  and  the  same  hammered  cold,  becomes  7*875.  Wasserberg, 
1168. 

t  Sickingen,  Ann.  de  Chim.  xxt.  9.  English  iron  only  supports  a 
weight  348*38  lbs.    See  Annals  of  Philosophy,  Tii.  390. 

1  Nicholson's  4to  Jour.  iv.  109. 


S68  SIMPLE  COMBUSTIBLES 

• 

Book  I.    that  tlie  texture  of  iron  is  fibrous;  that  is,  it  appears  when 
Divwon  IL  broken  to  be  composed  of  a  number  of  fibres  or  strings 
^"*^^^^  bundled  together. 

Combini-  II,  When  exposed  to*  the  air,  its  surface  is  soon  tar- 
^^^  nished,  and  it  is  gradually  changed  into  a  brown  or  yellow 
powder,  wdl  known  mider  the  name  of  rust.  This  change 
takes  place  more  rapidly  if  the  atmosphere  be  moist.  It  is 
occasioned  by  tlie  gradual  combination  of  the  iron  with  the 
oxygon  of  the  atmosphere,  for  which  it  has  a  very  strong 
afiinity. 

Iron  has  a  strong  afiini^  for  oxygen.  It  decomposes 
tratcr  at  the  common  temperature  of  the  air  slowly, 
and  almost  imperceptibly.  *But  at  a  red  heat  the  decom- 
'  position  goes  on  with  rapidity;  pure  hydrogen  gas  being 
'evolved  in  abundance.  It  is  even  capable  of  decomposing 
potassium  when  assisted  by  a  sufficiently  high  temperature. 
When  iron  wire,  having  a  little  cotton  tied  to  its  extremity, 
is  plunged  into  oxygen  gas  while  the  cotton  is  in  flames,  it 
takes  fire  and  burns  with  great  brilliancy. 

As  far,  as  is  known  at  present,  iron  combines  yriih  only 
two  proportions  of  oxygen,  and  forms  two  oxides,  the  prot" 
oxide  and  the  peroxide.   The  protoxide  is  blacky  but  the  per- 
oxide is  red. 
BUck  1,  The  black  oxide  of  iron  may  be  obtained  by  three 

9xidc.  different  processes :  1.  By  keeping  iron  filings  a  sufficient' 
time  in  water  at  the  temperature  of  of  70°.  The  oxide  thus 
formed  is  a  black  powder,  formerly  muck  used  in  jnedicine 
under  the  name  of  martial  ethiopSj  and  seems  to  have  been 
first  examined  by  Lemeri.*  2.  By  burning  iron  wire  in 
oxygen  gas.  The  wire  as  it  burns  is  melted,  and  falls  in 
drops  to  the  bottom  of  the  vessel,  which  ought  to  be  covered 
with  water,  and  to  be  of  cop})er.  These  metallic  drops  are 
brittle,  very  hard,*  and  blackish,  but  retain  the  metallic 
lustre.  They  were  examined  by  Lavoisier,  and  found  pre- 
cisely the  same  with  martial  etliiop8.f      They  owe  their 

•  The  best  process  is  that  of  De  Roover.  He  exposes  a  paste  formed 
of  iron  filings  and  water  to  the  open  air  in  a  stoneware  vessel;  the  paste 
becomes  hot,  and  the  water  disappears.  It  is  then  moistened  again,  and 
the  process  repeated  till  the  whole  is  oxidized.  The  mass  is  then  pounded, 
and  the  powder  is  heated  in  an  iron  vessel  till  it  is  peffectly  dry,  stirring 
it  constantly.     See  Ann.  de  Chim.  xliv.  S2P. 

t  Ann.  deChim.  i.  19. 
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lustre  to  the  fusion  which  they  underwent     S.  By  dissolving  Chap.  Hi. 
iron  in  sulphuric  acid,  and  pouring  potash  into  the  solution. 
A  green  powder  &lls  to  the  bottom,  which  assumes  the 
appearance  of  martial  ethiops  when  dried  quickly  in  close 
vessels. 

This  oxide,  when  pure,  is  a  black  tasteless  powder,  in^  Composi- 
solublein  water;  but  soluble  in  acids,  forming  solutions  of^°°* 
a  pale  green  colour  and  a  sweetish  astringent  taste.  It  is 
capable  of  combining  with  water,  and  the  compound  has  a 
dirty  greenish  colour ;  but  the  water  is  very  easily  driven 
off.  Many  experiments  have  been  made  to  determine  the 
proportion  of  oxygen  which  this  oxide  contains.  The  fol- 
lowing table  exhibits  the  results  obtained  by  the  different 
experimenters. 

Proust* 100  iron  +  28  oxygen 

Hassenfratzt 100  +  29 

BucholzJ: 100  -f  29-87 

Befzeliu8§ 100  +  29-57 

ITiomsonll   100  +28 

Gay-Lussac** 100  +  28*3 

Mean  of  the  whole 100  +28*78 

In  order  to  be  able  to  judge  of  the  accuraqr  of  these 
numbers,  let  us  examine  some  of  the  salts  into  which  this 
oxide  enters. 

According  to  the  experiments  of  Berzelius,  sulphate  of 
iron  is  composed  of 

Sulphuric  acid 100 5 

Protoxide  of  iron 88 4*4 

From  this  we  see  that  the  equivalent  number  for  pro- 
toxide of  iron  is  4*4.  Let  us  take  it  at  4*5,  which  would 
suppose  the'  salt  a  compound  of  lOp  acid  +  90  oxide. 
Farther,  90  protoxide  of  iron  must  contain  20  of  oxygen. 
Hence  it  is  a  compound  of 

*  Ann.  deChim.  xxiii.  85.  t  l^i^*  ^i^*  15S. 

X  GehlcD's  Journal  fur  die  Chimie  und  Pliysik,  iii.  711.  His  expe- 
ffimenU  gave  only  29*09.  But  be  considers  the  number  in  the  text  at 
the  true  one. 

§  Annals  of  Philosophy^  iii.  356.    A^.  de  Chim.  Ixxviii.  240. 
jl  Annals  of  Philosophy.  **  Ann.  de  Chim.  Ixxx.  163. 

VOL.  J.  2  B 
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SIMPLE  COMBUSTIBLES. 

Iron 79 100 

Oxygen  ...  20 •     28*57 

Thus  we  obtain  28*57  for  the  quantity  of  oxygen  ivfaich 
unites  with  100  of  iron  in  order  to  constitate  protoxide  of 
iron.  » If  we  divide  the  number  4*5  in  the  proportioii  of 
79  :  90  we  obtain  the  protoxide  composed  of 

Iron 3*5 •  100 

Oxygen.  ••  1*0 28*57 

We  see  from  this  that  the  protoxide^is  a  compound  of 
1  atom  iron  and  1  atom  oxygen,  and  that  an  atom  of  iron 
weighs  S*6. 

2.  The  peroxide  of  iron  may  be  formed  by  keeping  iron 
filings  red  hot  in  an  open  vessel,  and  agitating  diem  con- 
stancy dll  th^  are  converted  into  a  dark  red  powder.  This 
oxide  was  formerly  called  saffron  of  Mars,  Common  rust 
of  iron  is  merely  this  oxide  combined  with  carbonic  acid 
gas.  The  red  oxide  may  be  obtained  also  by  eiqposing  for 
a  long  time  a  diluted  solution  of  iron  in  sulphuric  acid  to 
the  atmosphere,  and  then  dropping  into  it  an  alkali,  by 
which  the  oxide  is  precipitated. 

This  oxide,  when  pure,  has  a  fine  red  colour,  bordering 
on  crimson.  It  has  frequently  a  shade  of  yellow  or  brown, 
owing  to  causes  not  well  understood ;  but  probably  fi'om  tlie 
presence  of  some  foreign  body.  It  is  tasteless,  and  inso- 
luble in  water;  but  it  dissolves  in  acids,  though  not  so 
readily  as  the  protoxide,  and  forms  brownish  or  yellowish 
solutions  having  a  sweetish  and  astringent  taste. 

From  the  experiments  recently  made  on  the  constitution 
of  this  oxide,  diere  can  be  no  doubt  that  it  is  a  compound 
of  100  iron  +  28*57  x  1^  oxygen  =  42*&55.  From  the 
experiments  of  Berzelius  it  appears  that  the  persulphate  of 
iron  is  composed  of 

Sulphuric  acid 100 

Peroxide  of  iron. . . .     65'5 

This  approaches  very  nearly  to 

Acid. . .  100    5 

Oxide .     66-6 3*3 

The  equivalent  number  we  perceive  is  S|.  This  appears 
at  first  sight  absurd.    The  peroxide  contains  more  oxygen 
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than  the  protoxide,  and  yet  its  equivalem  is  less.    But  let  Chap.  iii. 
us  suppose  it  a  compound  of  v— ^i^^^-./ 

2  Atoms  iron 
S  Atoms  oxygen 

Then  the  weight  will  be  3*5  +  S'5  +  3  =  10.  L^  us 
suppose  the  persulphate  a  compound  of  3  atoms  sulphuric 
acid  and  1  atom  peroxide.    Then  we  have  its  composition 

Acid 100     5X3  =  15 

Oxide 66'6 10 

Now  this  is  what  I  consider  to  be  the  true  constitution  of 
this  salt,  and  the  true  nature  of  the  peroxide.  We  thus 
get  rid  of  the  anomaly  of  the  red  oxide  being  a  compound 
of  1  atom  iron  +  1  j-  atom  oxygen.  If  we  get  rid  of  this 
anomaly,  by  supposing  the  black  oxide  of  iron  to  contain 
2  atoms  and  the  red  oxide  3  atoms  of  oxygen,  we  represent 
these  oxides  by  numbers  which  do  not  correspond  with 
their  equivalents,  and  wluch  cannot,  therefore,  be  correet. 

3.  I  do  not  notice  here  the  new  oxides  of  iron  announced 
by  Thenard*  and  Gay-Lussac;t  because  I  do  not  think 
that  these  chemists  have,  succeeded  in  establishing  their 
existence. 

Cutting  instruments  of  steel,  after  being  finished,  are  Tempering 
hardened  by  heating  them  to  a  cherry  red,  and  then  plung-  ^  '^^^ 
ing  them  into  a  cold  liquid.     After  this  hardening,  it  is 
absolutely  necessary  to  soften  them  a  little,  or  to  temper. 
them  as  it  is  called,  in  order  to  obtain  a  fine  and  durable 
edge.  This  is  done  by  heating  them  till  some  particular  colour 
appear  on  their  surface.    The  usual  way  is  to  keep  them  in 
oil,  heated  to  a  particular  temperature,  till  the  requisite 
colours  appear.     Now  these  colours  follow  one  another  in 
r^ular  succession  according  to  the  temperature.     Between 
430^  and  450%  the  instrument  assumes  a  very  pale  yellowish 
Qnge;  at  460%  the  colour  is  a  straw  yellow,  and  the  instru- 
ment has  the  usual  temper  of  pen-knives,  razors,  and  other 
fine  edge  tools.     The  colour  gradually  deepens  as  the  t^n- 
perature  rises  higher,  and  at  500^  becomes  a  bright  brownish 
metallic  yellow.    As  the  heat  increases,  the  surface  is  suc- 
cessively yellow,  brown,  red^  and  purple,  to  580%  when 

•  Ann.  d«  Cliim.  Ivi.  59.  f  Ibtd.  kn.  164. 
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Book  t.  it  becotnes  tof  a  uniferm  deep  blue,  like  that  oF  Watch- 
Ptttelonll.  gprings.*  The  blue  gradually  weakens  to  a  water  cdour, 
which  is  the  last  shade  disdnguishable  before  the  instrument 
becomes  red  hotf  That  these  difierent  shades  of  colour 
are  owiiig  to  the  ozidizement  of  the  sur&oe  becomes  evident 
flrom  amocle  of  ornamenting  sword-blades,  knives,  &c.  long 
practised  in  Sheffield.  Flowers,  and  various  other  orna- 
ments, iare  painted  on  the  blade  with  an  oily  compoisition. 
It  is  then  subjected  to  the  requisite  heat  for  tempering  iu 
The  colour  of  the  blade  is  altered  in  every  part  except 
where  it  is  covered  with  the  paint*  When  the  paint  is  taken 
off  the  ornaments  appear  of  the  natural  colour  of  polished 
sted,  and  of  course  are  easily  distinguishable.  Sir  H. 
l)avy,  in  consequence  of  a  letter  from  Mr.  Stoddart,  found 
that  when  steel  is  heated  in  hydrogen  gas  it  does  not  change 
its  colour  as  it  does  when  tempered  in  the  usual  way4 
From  these  fiu^ts  it  is  obvious  that  the  changes  of  colour  are 
owing  to  the  oxydizement  of  the  sur&ce  of  the  iron. 
Whether  the  chmges  be  owing  to  alterations  in  the  thick- 
ness of  the  coat  of  oxide  or  to  the  formation  of  various 
proportions  of  the  two  oxides  we  have  no  data  to  deter- 
mine. 

III.  Iron  combines  readily  with  chlorine,  and  forms  two 
compounds,  which  we  shall  call  protochloride  and  perchloride 
of  iron. 
Pfotochlo-       1.  The  protochloride  may  be  formed  by  dissolving  iron 
"^*  in  muriatt^:  acid,  evaporating  the  solution  to  dryness,  and 

exposing  the  dry  mass  to  a  red  heat  in  such  a  manner  as  to 
exclude  the  action  of  air  on  it.  It  was  first  described  by 
Dr.  John  Davy.§ 

Protochloride  of  iron  has  a  grey  but  variegated  colour 
and  a  metallic  splendour.  Its  texture  is  lameliated.  When 
heated  to  redness  it  melts,  but  is  not  volatilized.  .  It  is 
imperfectly  soluble  in  water,  and  the  solution  yields  crystals 
pf  green  muriate  of  iron.  According  to  the  analysis  of  Dr. 
John  Davy,  11  it  is  composed  of 

*  See  the  curious  experiments  of  Mr.  Stoddart^  as  related  by  Mr. 
Nicholson.    NicholsoD*s  Quarto  Jour.  iv.  1S9. 
f  Lewis,  Newman's  Chem.  p.  79. 

t  Annals  of  Philosophy,  i.  131.  §  Phil.  Trans.  1812,  p.  181. 

II  Phil.  Trans.  1812,  p.  182. 
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Chlorine  .  • .  53*43 100      • 4*5 

Iron 46-57. f...  87-16 3*9 


100-00 


From  this  analysis  we  see  that  the  protocbloride'  is  a 
compound  of  1  atom  chlorine  +  1  atom  iron.  The  accu- 
rate proportions,  according  to  the  numbers  formerly  ascer- 
tained for  the  atoms  of  these  bodies,  are  as  follows : 

Chlorine 4:5,.,...  lOJ) 

Iron ,  3-5 . .... .     77'7 

2.  The  perchloride  of  irpn  was  first  described  by  Sir  H.  Perchlo- 
Davy,*  and  afterwards  more  particularly  examined  by  Dr.  "^* 
John  Davy.t  It  may  be  obtained  by  burning  iron  wire  in 
chlorine  gas,  or  by  CFaporating  the  red  muriate  of  iron  to 
dryness,  and  heating  it  in  a  tube  with  a  narrow  orifice.  It 
is  a  substance  of  a  bright  brown  colour,  with  a  lustre  ap- 
proaching that  of  iron  ore  from  the  isle  of  Elba.  It  is 
volatilized  by  a  moderate  heat,  and  forms  minute  brilliant 
crystals, .  the  shape  of  which  has  not  been  determined.  It 
dissolves  completely  in  water,  and  the  solution  constitutes 
red  muriate  of  iron.  According  to  the  analysis  of  Dr. 
Davy,  it  is  composed  of 

Chlorine...  64-9 100       ..4-5x2 

Iron 35-1 54-08  . .  4-86 

If  it  be  a  jcomppund  of  2  atpms  chlorine  and  1  atom 
iron,  of  which  there  seems  no  doubt,  then  its  composition 
should  b^e 

Chlorine ...9 100 

Iron 3-5. 388 

These  numbers  do  not  agree  with  the  results  obtained  by 
Dxp  John  Davy :  but  if  we  consider  that  his  analysis  was  the 
firsts  and  thi|t  it  was  upon  a  minute  scale,  we  shall  not  be 
surprized  at  this  want  of  coincidence. 

IV.  Iron  combines  readily  with  iodine.     We  know  at  Iodide, 
present  only  one  iodide  of  this  metal.    It  was  first  mentioned 
by  Sir  H.  Davy  and  afterwards  was  more  minutely  de- 
scribed by  Gay-Lussac    It  may  be  formed  by  heating  iron 

•  Phil.  Tranf.  1811,  p.  «3,  t  Ibid.  1813,  p.  181. 
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Book  I.    IB  contact  with  vapour  of  iodine.    It  is  a  brown  snbstance 
'j!^**^' which  fiises  at  aredheat.    It  dissolves  in  water  and  forms  a 
lig^t  green  solndbn  consisting  without  doubt  of  hydriodate 
of  iron.    It  has  not  been  analysed*    But  it  is  probably  com- 
posed of  1  atom  iodine  united  to  1  atom  iron,  or 

Iodine/...  15*625   •<....  100 
Iron     «...     3*5       22-4 


Analogy  leads  to  the  opinion  that  there  exists  likewise  a 
periodide  of  iron,  thou^  it  has  not  hitherto  been  observed. 

V.  We  know  nothing  respecting  the  action  of  fluorine  on 
iron.  Azote  does  not  seem  cqiaUe  of  uniting  with  iron. 
Neither  does  it  appear  to  form  any  permanent  combination 
with  hydrogen. 

VI.  Iron  has  the  property  of  combining  with  carbon  and 
the  compound  constitutes  tli^  very  important  modifications 
of  iron  known  by  the  namesof  ooes^  tron  and  steeL    • 

Vaiktiet  of  There  are  a  great  many  varieties  of  iron,  which  artists 
distinguish  by  particular  names;  butallof  them  may  be  re- 
duced under  one  or  other  of  the  three  following  classes — 
Cast  Iron^  Wrought  or  Soft  Ron,  and  SieeL 

1.  Cut  1.  Cast  Iron,  or  Pig  Iron,  is  thename  of  this  metal  when 

^"^  first  extracted  from  its  ores.    The  ores  from  which  iron  is 

usually  obtained  are  composed  of  oxide  of  iron  and  clay* 
The  object  of  the  manufacturer  is  to  reduce  the  oxide  to 
the  metallic  states  and  to  separate  all  the  clay  with  which  it 
is  combined.  These  two  objects  are  accomplished  at  once, 
by  mixing  the  ore  reduced  to  small  pieces  with  a  certain 
portion  of  limestone  and  of  charcoal,  and  subjecting  the 
whole  to  a  very  violent  heat  in  furnaces  constructed  for  the 
purpose.  The  charcoal  absorbs  the  oxygen  X)f  the  oxide, 
flies  off  in  the  state  of  carbonic  acid  gas,  and  leaves  the  iron 
in  the  metallic  state ;  the  lime  combines  with  the  clay,  and 
both  together  run  into  fiision,  and  form  a  kind  of  fluid  glass; 
the  iron  is  also  melted  by  the  violence  of  the  heat,  and  be- 
ing heavier  than  the  glass,  falls  down,  and  is  collected  at 
'  the  bottom  of  tlie  furnace.  Thus  the  contents  of  the  fur- 
nace are  separated  into  two  portions;  the  glass  swims  at  the 
surface,  and  the  iron  rests  at  the  bottom.  A  hole  at  the 
lower  part  of  the  furnace  is  now  opened,  and  the  iron  al- 
lowed to  flow  out  into  moulds  prepared  for  its  reception. 

Varieties,        The  cast  iron  thus  obtained  is  distinguished  by  manu&c- 

9 


turers  into  different  kinds,  from  its  colour  and  other  qua»  Chap.  liL 
lities.  The  three  following  are  the  most  remarkable  of  ^"v*""^ 
these  varieties:  * 

Ist,  fVhite  cast  iron,  which  is  extremely  hard  and  brittle^ 
and  appears  to  be  composed  of  a  congeries  of  small  crystals. 
It  can  neither  be  filed,  bored,  nor  bent,  and  is  very  apt  to 
break  when  suddenly  heated  or  cooled. 

2d,  Grey  or  mottled  cast  iron,  so  called  from  the  inequa* 
lity  of  its  colour.  Its  texture  is  granulated.  It  is  much 
softer,  and  less  brittle,  than  the  last  variety,  and  may  be  cut, 
bored,  and  turned  on  the  latlie.     Artillery  is  made  of  it. 

3d,  Black  cast  iron,  is  the  most  unequal  in  its  texture^  the 
most  fusible,  and  least  cohesive  of  the  three.* 

Cast  iron  melts  when  heated  to  about  130^  Wedgewood.  Propenfiei. 
Its  specific  gravity  varies  from  7*2  to  7*6.  It  contracts  con- 
siderably when  it  comes  into  fiision.  It  is  converted  into 
soft,  or  malleable  iron,  by  a  process  which  is  considered  as  a 
refinement  of  it ;  and  hence  the  furnace  in  which  the  opera- 
tion U  performed  is  called  vl  finery. 

2.  This  was  usually  done  in  this  country  by  keeping  the  How  con- 
iron  melted  for  a  considerable  time  in  a  bed  of  charcodi  and  JSJowT 
ashes,  and  the  scorias  of  iron,  and  then  forging  it  repeatedly  iton. 
till  it  became  compact  and  malleable.  The  process  varies 
considerably  in  different  countries,  according  to  the  nature 
of  the  fuel,  and  of  the  ore  from  which  the  iron  was  obtained; 
and  the  quality  of  the  iron  obtained  is  equally  various. 
Mr.  Cort,  about  25  years  ago,  proposed  a  new  method, 
which  succeeded  in  converting  every  kind  of  cast  iron  into 
malleable  iron  of  the  best  quality.  The  cast  iron  is  me]t^ 
in  a  reverberatory  furnace  by  means  of  the  flame  of  the 
combustibles,  which  is  made  to  play  upon  its  surface.  While 
melted,  it  is  constantly  stirred  by  a  workman,  that  every 
part  of  it  may  be  exposed  to  the  air.  In  about  an  hour  the 
hottest  part  of  the  mass  begins  to  heave  and  swell,  and  to 
emit  a  lambent  blue  flame.  This  continues  nearly  an  hour ; 
and  by  that  time  the  conversion  is  completed.  The  heaving 
is  evidently  produced  by  the  emission  of  an  elastic  fluid.t 
As  the  process  advances,  the  iron  gradually  acquires  more 
consistency ;  and  at  last,  notwithstanding  the  continuance 
of  the  heat,  it  congeals  altogether.     It  is  then  taken  while 

•  Black's  Lectures,  ii.  495.  f  Bcddoes;  Phil  Trans.  1791. 
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t.  Malle- 
able iron. 


3.  Sterl. 


IPropcitics* 


Book  I.  ^t,  and  .hammered  violently  by  means  of  a  heavy  hammer 
DivUioaU.  ^j^jveti  by  machinery.  This  not  only  makes  the  particles 
of  iron  approach  nearer  each  other,  but  drives  away  several 
imparities  which  would  otherwise  continue  attached  to  the 
iron.  This  constitutes  the  foundation  of  the  puddlmg  pro- 
cess now  universally  practised  in  our  manufactories. 

In  this  state  it  is  the  substance  described  in  this  Section 
under  the  name  of  iron.  As  it  has  never  yet  been  decom- 
posed, it  is  considered  at  present  when  pure  as  a  nmple 
body;  but  it  has  seldom  or  never  been  found  without  some 
small  mixture  of  foreign  substances.  These  substapces  are 
either  some  of  the  other  metals,  or  oxygen,  carbon,  silicon^ 
or  phosphorus. 

S.  When  small  pieces  of  iron  are  stratified  in  a  close 
crucible^  with  a  sufficient  quantity  of  charcoal  powder,  and 
kept  in  a  strong  red  heat  for  eight  or  ten  hours,  they  are 
converted  into  steel,*  which  is  distinguished  from  iron  by 
the  following  properties. 

It  is  so  hard  as  to  be  unmalleable  while  cold,  or  at  least 
it  acquires  that  property,  by  being  immersed  while  ignited 
into  a  cold  liquid:  for  this  immersion,  though  it  has  no 
effect  u|x>n  irou^  adds  greatly  to  the  hardness  ofsteei. 

It  is  brittle,  resists  the  iile,  cuts  glass,  afibrds  sparks  with 
flint,  and  retains  the  nia&;netic  virtue  for  any  length  of  time. 
It  loses  tins  hardness  by  lye'iufr  ignited  and  cooled  very  slowly. 
It  melts  at  above  130'^  Wetlgewood.  It  is  malleable  when 
red  hot,  but  scarcely  so  when  raised  to  a  white  heat.  It  may 
be  hammered  out  into  mucli  thinner  plates  than  iron.  It  is 
more  sonorous ;  and  its  specific  gravity,  when  hammered, 
is  greater  tlum  that  of  iron,  varying  from  7'78  to  7'84. 

By  being  repeatedly  ignited  in  an  open  vessel,  and  ham- 
mered, it  becomes  wrovgbt  iron,f 

4.  These  different  kinds  of  iron  have  been  long  known, 
and  the  converting  of  them  into  each  other  has  been  prac- 
tised in  very  remote  ages.  Many  attempts  have  been  made 
to  explain  the  manner  in  which  this  conversion  is  accom- 
plished. According  to  Plhiy,  steel  owes  its  peculiar  pro- 
perties cliiefly  to  the  water  into  which  it  is  plunged  in  order 
to  be  cooled.J     Beccher  supposed  that  fire  was  the  only 


Nature  of 
f  h«5c  va- 
rieties. 


^  This  process  is  called  umentation, 
t  Dr.  Pearson  on  Wootz,  Phil.  Trans. 


X  Pliny,  lib.  xxzir.  14. 
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agent;  diat  it  ent^ed  into  the  iron,  and  converted  it  into  cbap.  in. 
steel.  •  Reaumur  was  the  first  who  attended  accurately  to 
the  proce96;  and  his  numerous  experiments  contributed 
much  to  elucidate  the  subject  He  supposed  that  iron  is 
converted  into  steel  by  combining  with  saline  and  oily  or 
sulphureous  particles^  and  that  these  arc  introduced  by  the 
fire.  But  it  was  the  analysis  of  Bergman,  published  in  . 
1781,  that  first  paved  the  way  to  the  explanation  of  the 
nature  of  these  different  species  of  iron.* 

By  dissolving  in  diluted  sulphuric  acid  100  parts  of  cast 
iron,  he  obtained,  at  an  average,  42  ounce  measures  of  hy- 
drogen gas ;  from  100  parts  of  steel  he  obtained  4>6  ounce 
measures ;  and  from  100  parts  of  wrought  iron,  50  ounce 
measures.     From  100  parts  of  cast  iron  he  obtained,  at  an 
average,  2-2  of  plumbago,  or  ^;  from  100  parts  of  steel, 
0'5>  or-j-i-j.;  and  from  100  parts  of  wrought  iron,  0*12,  or 
^^t    From  this  analysis  he  concluded,  that  cast  iron  con- 
tains the  least  phlogiston,  steel  more,  and  wrought  iron 
most  of  all ;  for  the  hydrogen  gas  was  at  that  time  consi- 
dered as  an  indication  of  phlogiston  contained  in  the  metal. 
He  concluded,  too,  that  cast  iron  and  steel  differ  from  pure 
iron  in  containing  plumbago.     Mr.  Grignon,  in  his  notes 
on  this  analysis,  endeavoured  to  prove,  that  plumbago  is  not 
essentially  a  part  of  cast  iron  and  steel,  but  that  it  was  merely 
accidentally  present.     But  Bergman,  after  considering  his 
objections,  wrote  to  Morveau  on  the  18th  November  178S, 
<<  I  will  acknowledge  my  mistake  whenever  Mr.  Grignon 
sends  me  a  single  bit  of  cast  iron  or  steel  which  does  not 
contain  plumbago ;  and  I  beg  of  you,  my  dear  friend,  to 
endeavour  to  discover  some  such,  and  to  send  them  to  me; 
for  if  I  am  wrong,  I  wish  to  be  undeceived  as  soon  as  possi^ 
ble.":t^     This  was  almost  the  last  action  of  the  illustrious 
Bergman.     He  died  a  few  months  after  at  the  age  of  49, 
leaving  behind  him  a  most  brilliant  reputation,  which  no 
man  ever  more  deservedly  acquired.     His  industry,  his  in- 
defatigable— his  astonishing  industry,  would  alone  have  con- 
tributed much  to  establish  his  name ;  his  extensive  know- 
ledge would  alone  have  attracted  the  attention  of  philoso- 

*  Opu8C.  iii.  1. 

t  Scheele  had  previously  observed,  that  plumbago  is  obtained  when 
•otne  kinds  of  iron  are  dissolved  in  sulphuric  acid.  See  his  Dissertation 
on  Plumbago.  I  Morveau,  Encyc.  Method.  Chim.i.  448. 
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Book  I.  phen ;  his  ingenuity,  penetration,  and  accurate  judgment, 
y^^^^H*  would  alone  have  securad  their  applause;  and  his  candour 
^"^^^"^  and  love  of  truth  procured  him  the  confidence  and  the 
esteem  of  the  world. — But  all  these  qualities  were  united  in 
Bergman,  and  conspired  to  form  one  of  the  noblest  charac- 
ters that  ever  adorned  human  nature. 
.SxplaiMd.  The  experiments  of  Bergman  were  repeated,  varied,  and 
extended,  by  Vandermonde^  Monge,  and  Berthollet,  who 
published  an  admirable  dissertation  on  the  subject  in  the 
Memoirs  of  the  Frmch  Academy  for  1786.  These  philo- 
sophers, by  an  ingenious  application  of  the  theoretical  dis- 
coveries of  Mr.  Lavoisier  and  his  associates,  were  enabled 
to  explain  the  nature  of  these  three  substances  in  a  satis- 
iactory  manner.  By  their  experiments,  together  with  the 
subsequent  ones  of  Clouet,  Vauquelin,  and  Morveau,  ths 
following  &ctM  have  been  established. 

fVhmght  iron  is  a  simple  substance^  and  if  perfiectly  pure 
would  contain  nothing  but  iron. 

Steel  is  iron  combined  with  a  small  portion  of  carbon, 
and  has  been  for  that  reason  called  oarbwreiei  iron.  The 
proportion  of  carbon  has  not  been  ascertained  with  much 
precision.  From  the  analysis  of  Vauquelin,  it  amounts  at 
an  average,  to  -pf^-  part* 

That  steel  is  composed  of  iron  combined  with  carbon, 
has  been  still  farther  confirmed  by  Morveau,  who  formed 
fiteel  by  combining  together  directly  iron  and  diamond.  At 
the  suggestion  of  Clouet,  he  enclc^ed  a  diamond  in  a  small 
crucible  of  pure  iron,  and  exposed  it  completdy  covered  up 
in  a  common  crucible  to  a  sufficient  heat.  The  diamond 
disappeared,  and  the  iron  was  converted  into  steel.  The 
diamond  weighed  907  parts,  the  iron  57,800,  and  the  steel 
obtained  56,384 ;  so  that  2,513  parts  of  the  iron  bad  been 
lost  in  the  opcration.f  From  this  experiment  it  follows, 
that  steel  contains  about  -^  of  its  weight  of  carbon.  This 
experiment  was  objected  to  by  Mr.  Mushet;  but  the 
objections  were  refuted  by  Sir  George  M'Kenzie.J 

Rinman,  long  ago,  pointed  out  a  method  by  which  steel 
may  be  distinguished  from  iron.  When  a  little  diluted 
nitric  acid  is  dropt  upon  a  plate  of  steel,  allowed  to  remain 

*  Ann.  de  Chim.  xxii.  1.  \  Ibid.  xxu.  SS8. 

\  Nicholson*!  Journal,  iv.  103. 
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a  few  tninutes,  and  then  washed  off,  it  leaves  behind  it  a  Chap.  ni. 
black  spot;  whereas  the  spot  formed  by  nitric  acid  on  iron  ^"v^"^ 
is  whitish  green.    We  can  easily  see  the  reason  of  the  black 
spot :  it  is  owing  to  the  carbon  of  the  iron  which  is  left  un- 
dissolved by  the  acid. 

Cast  iron  is  iron  combined  with  a  still  greater  proportion 
of  carbon  than  is  necessary  for  forming  steeL  The  quantity 
has  not  yet  been  ascertained  with  precision :  Mr.  Clouet 
makes  it  amount  to  -^th  of  the  iron.  The  blackness  of  the 
colour,  and  the  fusibility  of  cast  iron,  are  proportional  to 
the  quantity  of  carbon  which  it  contains.  Cast  iron  is 
almost  always  contaminated  with  foreign  ingredients; 
These  are  chiefly  oxide  of  iron,  phosphuret  of  iron,  and 
silicon.* 

5.  It  is  easy  to  see  why  iron  is  obtained  from  its  ore  in  Mano- 
tlie  state  of  cast  iron.    The  quantity  of  charcoal^  along  with  ^■^^"'*  ^ 
which  the  ore  is  fused,  is  so  great,  that  the  iron  has  an  oppor- 
tunity of  saturating  itself  with  it. 

The  conversion  of  cast  iron  into  wrought  iron  is  effected  Soft  iroii» 
by  burning  away  the  charcoal,  and  depriving  the  iron 
wholly  of  oxygen :  this  is  accomplished  by  heating  it  vio» 
lently  while  exposed  to  the  air.f  Mr.  Clouet  has  found, 
that  when  cast  iron  is  mixed  with  -fdi  of  its  weight  of  black 
oxide  of  iron,  and  heated  violently,  it  is  equally  converted 
into  pure  iron,  llie  oxygen  of  the  oxide,  and  the  carbon 
of  the  cast  iron,  combine,  and  leave  the  iron  in  a  state  of 

purity.t 

The  common  method  of  refining  cast  iron  is  nothing  els% 
than  this  process  of  Clouet,  as  has  been  pointed  out  by  "Dn 
Black.  A  considerable  quantity  of  the  iron,  (about  -J-d)  is 
scorified  or  converted  into  black  oxide  of  iron,  known  whei) 

*  A  specimen  of  very  pure  cast  iron  aimlysed  by  Berzelius  yielded. 
Iron  (with  silicon  and  magnesium)  91*53 

Mangauese 4*57 

Carbon 3*90 


100*00 
The  silicon  was  J  a  per  cent,  the  magnesium  J  th  of  a  per  cent.    AC- 

hadiingar,  iii.  15^. 

t  A  detailed  account  of  the  process  used  at  Sheffield  for  conrerting 
cast  iron  into  pure  iron  has  been  published  by  Mr.  Collier  in  the  5th 
^ome  of  the  Manchester  Memoirs    p.  111. 

I  Jour,  de  Min.  An.  vii.  p.  8. 
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Book  I.  Boltad  by  the  niune  of  fmry  iindipr.*  This  being 
^|][|^*^1^  vith  tb«  melted  iron,  and  the  heat  inci¥ased»  the  oxide  acta 
upon  the  carbon,  and  both  mutually  deoompoae  each  other. 
The  nicety  of  the  opemtioQ  depends  on  knowing  how  far  to 
carry  the  calcination  of  the  iron,  that  there  may  be  just  sof^ 
ficient  to  consume  the  whole  of  the  carbon.  Much  more, 
however,  is  actually  formed  in  the  large  manufiu^tories. 

6.  The  conversion  of  irw  into  steel  is  effiscted  by  com-* 
bining  it  with  carbon.  This  combination  is  performed  in 
the  large  way  by  three  difflbrent  pxoeesses,  and  the  products 
are  distinguished  by  the  names  <^  natural  steely, steel  of  cb^ 
mentation^  and  cast  steel. 
Natttiii  Natural  steel  is  obtained  from  the  ore  by  converting  it 

first  into  cast  iron,  and  then  exposing  the  cast  iron  to  a  vio* 
lent  heat  in  a  furnace  while  its  sur&ce  is  covered  with  a  mass 
of  melied  scorise  five  or  six  inches  deep.    Part  of  the  carbcm 
is  sujqposed  to  combine  with  the  oxygen  which  cast  iron 
contains,  and  to  fly  off  in  the  state  of  carbonic  acid  gas» 
The  remainder  combines  with  the  pure  iron  and  constitutes 
it  steel.t    Tliis  steel  is  inferior  tp  the  other  species;  its 
quality  is  not  the  same  throughoul^  it  is  softer,  and  not  so 
apt  to  break ;  and  as  the  process  by  vAdck  it  is  obtained  is 
less  expensive,  it  is  sold  at  a  lower  price  than  the  other 
species. 
Steel  of  ce*      Steel  of  cementation  is  made  by  stratifying  bars  of  pure 
mcnution.  {^qq  ^^d  charcoal    powder  alternately  in  large  earthen 
troughs  or  crucibles,  the  mouths  of  which  are  carefully 
closed  up  with  clay.     These  troughs  are  put  into  a  furnace, 
vd  kept  sufficiently  hot  till  the  bars  of  iron  are  converted 
into  steel,  which  usually  requires  eight  or  ten  days.):     This 
process  was  invented,    or  at  least  first  practised  to  any 
extent,  in  Britain.     The  bars  of  steel  thus  formed,  are 
known  in  this  country  by  the  name  of  blistered  steely  because 
their  surface  is  covered  here  and  there  with  a  kind  of  blister 
of  the  metal,  as  if  an  elastic  fluid  had  been  confined  in  dif- 
ferent parts  of  it.     When  drawn  out  into  smaller  bars  by 
the  hammer,  it  receives  the  name  of  tilted  steel,  from  the 

*  The  French  name  for  this  is  laiticr, 

t  A  detailed  account  of  this  process,  ai  performed  in  difieient  iroa 
works,  may  be  seen  in  the  Jour,  de  Min.  No.  iv.  p.  S. 

X  The  process  is  described  at  large  by  Mr.  Colliar  in  the  Manchfrfar 
Memoirs,  v.  117. 
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hammer  employed.    When  broken  to  pieces,  and  welded  Chap.  in. 
I'epeatedly  in  a  flirtiatie,  and  then  drawn  out  into  bars,  it  is  ^— ^r*^ 
called  German  at  shear  steel.*    Steel  of  cementation  has  a 
fine  ^ain^  is  ^ual,  harder,  and  more  elastic  than  naiural 
steel. 

Cast  steel  is  the  most  Taluable  of  all,  as  its  texture  is  most  Cwt  »teei. 
compact^  and  it  admits  of  the  finest  polish.    It  is  nsed  for 
fators,  surgeons'  instruments,  and  other  similar  purposes. 
It  is  more  ^ible  than  common  steel,  &nd  for  that  reason 
cannot  be  welded  with  iron :  it  melts  before  it  can  be  heated 
high  <^ough.    The  method  of  making  it  was  discovered 
about  1 750  by  Mr.  Huntsmati  of  Sheffield.    The  process 
was  for  some  time  kept  secret;  but  it  is  now  well  known  in 
this  country,  and  other  manu&cturers  succeed  in  it  equally 
well  with  the  original  discoverer.      It  consists  in  fusing 
blistered  sted  in  a  close  crucible,  mixed  with  a  certain  pro- 
portion of  pounded  glass  and  charcoal  powder.    It  may  be 
formed  also,  according  to  the  experiments  of  Clouet,  by 
melting  together  90  parts  of  iron,  1  part  of  charcoal,  and  1 
part  of  pounded  glass;  or  by  surrounding  iron  in  a  crucible 
with  a  mixture  of  equal  parts  of  chalk  and  clay,  and  heating 
the  crucible  gradually  to  a  white  heat,  and  keeping  it  a  suf- 
ficient time  in  thatstat&f  The  carbon,  according  to  Clouet, 
is  obtained  by  the  decomposition  of  the  carbonic  acid, 
which  exists  abundantly  in  the  chalk ;  one  part  of  the  iron 
combining  with  the  oxygen  of  this  acid,  while  the  other 
part  combines  with  the  carbon.  %    But  the  subsequent  expe- 
riments of  Mr.  Musbet  have  rendered  it  very  probable  that 
this  theory  is  erroneous,   and  that  the  steel  obUuiied  by 
Clouet  was  owing  to  some  other  unobserved  circumstance : 
for  when  he  repeated  it   with  alt  possible  precision,  he 
obtained  only   iron  which  had  been  melted,  and  thereby 
altered  in  its  texture  and  appearance,  but  not  converted  into 
steel.§     From  the  experiments  of  Clouet,  it  does  not  appear 
that  the  presence  of  glass  is  necessary  to  constitute  cast 
steel ;  the  only  essential  ingredients  seem  to  be  iron  and 
carbon :  but  the  quantity  of  carbon  is  greater  than  in  com- 
mon  steel,   and  this   seems    to  constitute  the  difference 
between  these  two  substances. 

*  Colliery  Manchester  Memoirs,  v.  117. 

t  Jour  de  Min.  An.  vii.  3.      t  Guyton  and  Darcet,  Ibid.  An.  Vu  703. 

§  Pbil.  Mag.  xii.  S7. 
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Book  I.  ?•  From  the  preeeding  deUiI»  it  is  obvious  that  iron  and 
Diviikm  II.  carbon  are  capable  of  combining  together  in  a  varie^  of 
^""^^^  different  proportions.  When  the  carbon  exceeds,  the 
compound  is^carburet  of  iron  or  plumbago.  When  the  iron 
exceeds,  the  compound  is  steel  or  cast  iron  in  various  states, 
according  to  the  proportion.  All  these  compounds  may  be 
considered  as  subcearburets  of  ktm.  .  The  most  complete 
detail  of  experiments  on  these  various  compounds  which 
have  ^ipeared  in  this  country  are  those  of  Mr.  Mushet, 
published  in  the  Philosophical  Magazine.  Tins  ingenious 
practical  diemist  has  observed,  that  the  hardness  of  iron 
increases  with  the  proportion  of  charcoal  with  which  it 
combines,  tiU  the  carbon  amounts  to  about  -^  of  the  whole 
mass.  The  hardness  is  then  a  maximum;  the  metal  ac- 
quires the  colour  of  silver,  loses  hs  granulated  appearancet 
and  assumes  a  crystallized  form.  If  more  carbon  be  added 
to  the  compound,  the  hardness  diminishes  in  pn^KUtion  to 
its  quantity.* 

The  following  table,  by  the  same  ingenious  chemist^ 
exhibits  the  proportion  of  charcoal  which  disappeared  dur- 
ing  the  conversion  of  iron  to  the  diflferent  varieties  of  sub- 
carburet  known  in  commerce^f 

SubcaAu.      TTo    Softcaststeel 

seaofiron.     .^^   Common  cast  stcd 

^  The  same,  but  harder 

-^  The  same,  too  hard  for  drawing 

^  White  cast  iron 

V^  Mottled  cast  iron 

•ji^  Black  cost  iron. 

8.  Tlic  substance  described  in  a  preceding  section  under 
the  name  of  plumbago,  has  been  usually  considered  as  a 
carburet  of  iron.  But  this  opinion  cannot  be  maintained 
by  any  plausible  arguments.  According  to  the  analysis  of 
Allen  and  Pepys,  it  is  composed  of 

Carbon   •  95 

Iron       5 

100 
^ow  if  an  atom  of  carbon  weigh  0*75  and  an  atom  of 

•  PhU.  Mag.  xiii.  1S3.  f  Ibid.  xiii.  p.  142^ 
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jron  8*59  it  must  follow  that  it  consists  of  about  100  atoms  Chap.  ill. 
of  carbon,  uuited  to  only  1  atom  of  iron.    But  such  a  com-  ^"V^^ 
bination  cannot  be  conceived.     It  is  much  more  probable 
that  the  small  proportion  of  iron  is  only  mechanically  mixed. 

VII.  From  the  experiments  of  Descotils  *  and  Gmelinf  Bonnet 
we  learn,  that  iron  is  capable  of  combining  with  boron.  The 
boruret  was  formed  by  fusing  a  mixture  of  iron  filings  and 
boracic  acid  in  a  covered  crucible.    It  constituted  a  ductile 
mass  of  a  silver  white  colour. 

VIII.  From  the  experiments  of  Berzelius  and  Stromeyer,  Silicum. 
it  appears,  that  silicon  may  be  combined  with  iron.    It  is 

even  probable,  from  Berzelius'  observations,  that  some 
kinds  of  iron  may  owe  their  peculiar  qualities  to  the  silicon 
which  they  contain.  SUicuret  of  iron  is  of  a  silver  white 
colour  and  ductile.  It  requires  heat  before  it  dissolves  in 
sulphuric  acid.  When  dissolved  in  acids  it  leaves  a  quan* 
tity  of  silica,  constituting  a  porous  mass  of  the  size  of  the 
silicuret  dissolved.  Nothing  is  known  respecting  the  pro- 
portions of  iron  and  silicon,  capable  of  uniting. 

IX.  Iron  readily  unites  with  phosphorus,  and  forms  a 
phosphuret  of  iron, 

1 .  Phospkuret  of  iron  may  be  formed  by  fusing  in  a  cruci-  Photphut^ 
ble  16  parts  of  phosphoric  glass,  16  parts  of  iron,  and  half '^ 

a  part  of  charcoal  powder.  It  is  magnetic,  very  brittle,  and 
appears  white  when  broken.  When  exposed  to  a  strong 
heat,  it  melts,  and  the  phosphorus  is  dissipated.^:  It  may 
be  formed  also  by  melting  together  equal  parts  of  phosphoric 
glass  and  iron  filings.  Part  of  the  iron  combines  with  the 
oxygen  of  the  phosphoric  glass,  and  is  vitrified ;  the  rest 
forms  the  phosphuret,  which  sinks  to  the  bottom  of  the 
crucible.  It  may  be  formed  also  by  dropping  small  bits  of 
phosphorus  into  iron  filings  heated  red  hot  $  The  propor- 
tions of  the  ingredients  of  this  phosphuret  have  not  yet  been 
determined.  It  was  first  discovered  and  examined  by 
Bergman,  who  took  it  for  a  new  metal,  and  gave  it  the 
name  of  siderum. 

2.  There  is  a  particular  kind  of  iron  known  by  the  name  History  of 
of  cold  short  iron,  because  it  is  brittle  when  cold,  though  it  be  Jj^*^*^ 
malleable  when  hot.    Bergman  ||  was  employ^  at  Upsala  in 

*  Recherches  Physico-chimiques,  i.  306. 

t  Sch weigher's  Journal,  xv.  246.    J  Pelletiery  Ann.  de  Chim.  i.  105. 

I  PoUetier,  Ann.  de  Chim.  xiii.  113.  ||  Opoic.  iii.  109. 
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Book  1.  escamining  the  cause  of  this  property^  wliite  Meyer  *  was 
Divisioa  II.  occupied  at  Stetin  with  the  same  investigation;  and  both  of 
^""^^'^'^  them  discovered,  nearly  at  the  same  time,  that  by  means  of 
sulphuric  acid,  a  white  powder  could  be  separated  from  this 
kind  of  iron,  which  by  die  usual  process  they  converted  into 
a  metal  of  a  dark  steel  grey,  exceedingly  brittle,  and  not 
very  soluble  in  acids*  ltd  specific  gravity  was  6'700 ;  it  was 
not  so  fusible  as  copper;  and  when  combined' with  iron 
rendered  it  cold  short.  Both  of  them  concluded  that  this 
substance  was  a  new  metal.  Bergman  gave  it  the  name  of 
siderunif  and  Meyer  of  hj/drosiderum.  But  Klaproth  soon 
after,  recollecting  that  the  salt  composed  of  phoq>horic  add 
and  iron  bore  a  great  resemblance  to  the  white  powder  ob* 
tained  firom  cold  short  iron,  suqiected  the  presence  of  phos- 
phorus in  this  new  metaL  To  decide  the  point,  he  combined 
phosphoric  acid  and  iron,  and  obtained,  by  heating  it  in  a 
cntdble  along  with  charcoal  pofwder,t  a  substance  exactly 
fesembling  the  new  metaL:|:  Meyer,  when  Klaproth  com* 
municated  to  him  this  discovery,  informed  him  that  he  bad 
already  satisfied  himself  by  a  more  accurate  examination, 
that  siderum  contained  phosphoric  acid.!$  Soon  after  this^ 
'  Scfaeele  actually  decomposed  the  v^ite  powder  obtained 
from  cold  short  iron,  and  thereby  demonstrated  that  it  is 
composed  of  phosphoric  acid  and  iron.||  The  siderum  of 
Bergman,  however,  is  composed  of  phosphorus  and  iron,  or 
it  IB  phosphuret  of  iron ;  the  phosphoric  acid  being  deprived 
of  its  oxygen  during  the  reduction.** 

X«  Iron  combines  with  two  proportions  of  sulphur,  and 
forms  protosidphuret  and  persidpkuret  of  iron,  compounds 
whid)  are  usually  distinguidbed  among  mineralogists  by  the 
names  of  magnetic  pyrites  and  cubic  pyrites. 
Pirotosul-  1.  Protosiilphuret  of  iron  or  magnetic  pyrites,  is  found 
phurct.  native  in  considerable  quantity.  Its  col.our  is  that  of 
bronze.     It  has  a  metallic  lustre ;  but  its  powder  is  blackish 

♦  Schriften  der  Berliner  Gesellsch.  Naturf.  Freunde,  1780,  ii.  SS4, 
8h1  iii.  380.  t  This  process  in  chemistry  is  called  rtductUm* 

t  Crelfs  Annals,  1784,  i.  390.  §  Creirs  Annals,  1784,  i.  195. 

U  Crell,  i.  112,  Eng.  Trans. 

**  Rinman  has  shown  that  the  hrittleness  and  bad  qualities  of  cold 
short  iron  may  be  removed  by  heating  it  strongly  with  lime-stoae,  and 
with  this  the  experimeots  of  Levavasseur  correspond.  See  Ann.  da 
Cbtm.  idii.  831. 


grey;     Its  specific  gravity  is  4*518.    It  strikes  fire  with  Ch^>.  ill. 
steel,  and  easily  melto  when  heated.    Mr.  Hatcbett  found  '''^■v— ' 
it  composed  of  Gf^iron  and  37  sulphur,  which  a^^rees  almost  ^ 
exactly  with  the  analysis  of  Proust     He  is  of  opinion  that 
the  iron  is  not  altogether  in  the  metallic  state,  but  contains 
about  ^  part  of  its  weight  of  oxygen.* 

This  sulphuret  dissolves  readily  in  sulphuric  and  muriatic 
acids,  emitting  abundance  of  sulphureted  hydrogen.  When 
heated  with  nitric  acid,  a  considerable  portion  of  the  sul- 
phur is  8eparated.f 

If  we  suppose  it  a  compound  of  1  atom  iron  +  1  atom 
sulphur,  its  constituents  wiU  be^ 

Iron         3*5   100 

Sulphur   ..* 2      *♦.     67'1 

Now  the  result  of  Hatchett's  analysis  is, 

Iron         100 

Sulphur 58*73 

Here  we  seie  the  coincidence  is  very  close. 

2.  Persulpkuret  of  iron^  or  cz^ic  py rites j  is  of  a  yellow  Penulpbu- 
colour,  and  has  the  metallic  lustre.  It  is  brittle,  and  suffi-  '^* 
ciently  hard  to  strike  fire  with  steeL  Its  specific  gravity  is 
about  4*5.  It  usually  crystallizes  in  cubes.  When  heated 
it  is  decomposed.  In  the  open  air  the  sulphur  takes  fire : 
in  close  vessels  filled  with  charcoal,  part  of  the  sulphur  is 
volatilized;  and  a  black  substance  remains^  retaining  the 
original  form  of  the  mineral,  but  falling  to  powder  on  the 
slightest  touch.  Mr.  Proust  has  demonstrated  that  this 
black  substance,  is  protosulphurct  of  iron.  Pyrites,  accord- 
ing to  him,  when  thus  treated,  gives  out  0*20  parts  of  sul- 
phur, and  0*80  parts  of  sulphuret  remain  behind.:^  Henc6 
pyrites  is  composed  of 

80  protosulphuret  of  iron 
20  sulphur 

100 

Bat  this  method  is  not  susceptible  of  great  accuracy, 
^r.   Hatchett  subjected  various  specimens  of  pyrites  to 

•  Hatch«tt'i  Analytii  of  Magnetical  Pyrites,  Phil.  Traos.  1804. 
t  Hatchett,  lUd.  t  Jour,  de  Phyi.  iiii.  89. 

VOL.  I.  2  C 


IRON.  SS7 

once  magnetized,  contiques  permanently  magnetic    Now  Chup.  iii. 
iteel,  as  we  shall  see  immediately^  is  a  combination  of  iron  ^"*v"^ 
and  carbon.    When  the  proportion  of  carbon  united  to  iron  ^JjJ'^ii, 
is  increased  to  a  certain  proportion,  as  in  .plumbago,  the  of  iron; 
iron  loses  the  property  of  being  acted  on  by  the  magnet* 
The  addition  of  a  certain  portion  of  sulphur  likewise  renders 
iron  susceptible  of  becoming  a  permanent  magnet.    The 
sulphur  may  amount  to  46  per  cent,  without  destroying  this 
property ;  but  when  it  is  increased  to  52  per  cent,  the  mag- 
netism vanishes  completely.     Jron  may  be  made  perma- 
nently magnetic  also   when   imitcd  to    phosphorus;    but 
whether  the  magnetism  disappears  when  tlie  proportion  of 
phosphorus  is  increased,  has  not  been  asceitained. 

Thus  it  appears  that  pure  iron  is  not  susceptible  of  per-  And  a  ccr- 
manent  magnetism.     United  to  a  portion  of  carbon,  it  H^nof^a^"^" 
forms  a  compound  more  or  less  brittle,  soluble  in  muriatic  simple 
acid,  and  susceptible  of  magnetic  impregnation.     Saturated  ^^."'* 
with  carbon,  it  becomes  britde,  insoluble  in  muriatic  acid, 
and  destitute  of  magnetic  properties. 

Irou,  united  to  a  portion  of  sulphur,  forms  a  brittle  com- 
pound, soluble  in  muriatic  acid,  and  susceptible  of  magnetic 
impregnation.  Saturated  with  sulphur,  the  compound 
becomes  brittle,  insoluble  in  muriatic  acid,  an4  d^titute  of 
magnetic  properties. 

Iron,  united  to  phosphorus,  is  brittle,  and  susceptible  of 
magnetic  impregnation  in  a  great  degree,  and  in  all  proba- 
bility, by  saturation,  would  lose  its  magnetic  properties 
altogether.  . 

For  these  facts,  which  are  of  the  utmost  impor^jince,  we 
are  indebted  to  Mr.  Hatchett,  who  was  led  to  the  discovery 
of  them  by  his  experiments  on  magnetic  pyrites.  ^^  Speak- 
ing generally  of  the  carburets,  sulphurets,  and  pbosphurets 
of  iron,  I  have  no  doubt,"  says  this  sagacious  philosopher, 
*'  but  that,  by  accurate  experiments,  we  shall  iind  tli^t  a 
certain  proportion  of  the  ingredients  of  each  constitutes  fi 
maximum  in  the  magnetical  power  of  these  three  bodies. 
When  this  maximum  has  been  ascertained,  it  would  be 
proper  to  compare  the  relative  magnetical  power  of  steel 
(which  hitherto  has  alone  been  employed  to  form  artificiff^ 
magnets)  with  that  of  sulphuret  and  pbosph\iret  of  iron ^ 
each  being  first  examined  in  the  form  of  a  single  mass  or  bar 
of  equal  weight,  and  afterwanls  u^  the  state  of  compoupd 

2^2 
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Bo(A  I.    magnets,  fenned  like  the  large  horse-shoe  magnets,  by  the 
Piviwon   .  gqiorg^  arrangement  of  an  equal  number  of  bars  of  the 
same  substance  in  a  box  of  brass. 

^*  The  eSEects  of  the  above  compound  magnets  should 
then  be  tried  agaihst  others,  competed  of  bars  of  the  three 
di£ferent  substances,  various  in  number,  and  in  the  mode  of 
arrangemoiti  and  lastly,  4t  would  be  interesting  to  make  a 
series  of  experiments  on  chemical  compounds,  formed  by 
unitingdifi^nt  proportions  of  carbon,  sulphur,  and  phos- 
phorus, with  one  and  the  same  mass  of  iron.  These 
quadruple  compounds,  which,  according  to  the  modem 
chemical  nomenclature,  may  be  called  carburo-sulphuro 
phosphurets,  or  phosphuro-sulphuro  carburets,  8cc.  of  iron, 
are  as  yet  unknown  as  to  their  chemical  properties,  and  may 
alAo,  by  the  investigation  of  their  magnetical  properties, 
afibrd  some  curious  resillts.  At  any  rate^  an  unexplored 
field  of  extensive  research  appears  to  be  opened,  which 
possibly  may  furnish  important  additions  to  die  history  of 
magnetism;  a  branch  of  science  which  of  late  years  has 
been  but  little  augmented,  and  which,  amidst  the  present 
rapid  progress  of  human  knowledge,  remains  immersed  in 
considerable  obscurity/' 
Alloy  with  XI.  Iron  and  arsenic  may  be  alloyed  by  fusion.  The 
"^"**^'  alloy  is  white  and  brittle,  and  may  be  crystaUized.  It  is 
found  native,  and  is  known  among  mineralogists  by  the 
name  of  mispickel.  Iron  is  capable  of  combining  with  more 
than  its  own  weight  of  arsenic* 

XII.  We  are  not  acquainted  with  the  combination  of 
iron  and  tellurium.  It  combines  with  potassium  and 
sodium  ;  but  its  alloys  with  these  metals  have  not  been 
particularly  observed.  We  know  nothing  of  its  combina- 
tions with  the  metals  of  tlie  alkaline  earths  'and  earths 
proper. 
Affinities.  At  present  it  would  be  difficult  to  determine  the  order  of 
tlie  affinities  of  the  simple  combustibles  for  oxygen.  Iron 
has  the  property,  when  assisted  by  heat,  of  depriving  pot- 
assium and  sodium  of  their  oxygen.  But  potassium  and 
sodium  are  equally  capable  of  reducing  the  oxides  of  iron  to 
the  metallic  state.  Again,  iron  at  a  red  heat  rapidly  de- 
composes water  and  separates  the  hydrogen  gas.     Here  it 

*  Bergman,'  ii.  281. 
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would  seem  that  ir(m  has  a  stronger  affinity  for  oxygen  than  Cbap.  in. 
hydrogen  gas.  But,  on  the  other  hand,  when  oxide  of 
iron  is  surrounded  with  hydrogen  gas,  and  heated,  it  is 
rapidly  converted  into  the  metallic  state  while  abundance  of 
water  is  formed.  Here  the  affinities  of  the  different  bases 
for  oxygen  seem  to  have  alternately  the  preponderance. 
Various  other  examples  might  easily  be  given.  They  show 
sufficiently  that  our  present  opinions  respecting  affinity  are 
by  no  means  accyrate.  The  order  of  the  affinities  of  the 
simple  supporters  for  iron  is  as  follows ; 

Iron 

Chlorine 
Oxygen  • 
Iodine. 


SECT.  II. 

OF   NICKEL. 


There  is  found  in  different  parts  of  Germany  a  heavy  History, 
mineral  of  a  reddish  brown  colour,  not  unlike  copper. 
When  exposed  to  the  air,  it  gradually  loses  its  lustr^ 
becomes  at  first  brownish,  and  is  at  last  covered  with  green 
spots.  It  was  at  first  taken  for  an  ore  of  copper;  but  as 
none  of  that  metal  can  be  extracted  from  it,  the  miners 
gave  it  the  name  of  Kupfemickeli  or  ♦*  false  copper." 
Hieme,  who  may  be  considered  as  the  father  of  the 
Swedish  chemists,*  is  the  first  person  who  mentions  this 
mineral.  He  gives  a  description  of  it  in  a  book  published 
by  him  in  1694,  on  the  art  of  detecting  metals.  It  was 
generally  considered  by  mineralogists  as  an  ore  of  copper, 
tillit  was  examined  by  the  celebrated  Cronstedt.  He  con- 
cluded from  his  experiment,  which  were  published  in  the 
Stockholm  Transactions  for  1751  and  1754,  that  it  con- 
tained  a  new  metal,  to  which  he  gave  the  name  oi  nickel. 

*  It  would  appear  from  Davy's  expeiiments  that  the  peroxide  of  iron 
retains  oxygen  more  obstinately  than  the  protoxide.  For  the  red  oxide 
was  not  decomposed  by  chlorine,  though  the  black  oxide  was.  See 
Phil.  Trans.  1811,  p.  95. 
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Boole  t.  Tins  opitiion  was  embraced  by  all  the  Swedek,  and 
DivMmt  It  in jged  i)y  the  greater  iitimber  of  cbemlcal  philosophers. 
Some^  homvier;  paiticiiUffly  Slige  and  Monnet,  affirmed 
that  it  contained  no  new  metal,  but  merely  a  toinpodnd  of 
tariouB  known  metals,  Which  could  be  sepai^ted  from  each 
other  by  the  nsiial  prt^cetecs.  These  assertions  indooed 
Bergman  to  undertake  a  very  laborious  course  of  ctperi* 
inents,  in  order,  if  possible,  to  obtain  nidM  in  a  State  of 
purlQr ;  for  Cronstedt  had  not  been  ableto  separate  a  quan- 
tity of  arsenic,  cobalt,  and  iron,  which  ddhered  to  it  with 
much  obstinaqr.  lliese  experiments,  whidi  were  pub- 
lished in  1775,*  fiilly  confirmed  the  conclusions  of  Cron- 
stedt.  Bergman  has  shown  that  nickel  passesses  peculiar 
properties;  and  that  it  can  neither  be  reduced  to  any  other 
metal,  nor  formed  artificially  by  any  combination  of  metals. 
It  must  therefore  be  considered  as  a  peculiar  metal.  It  may 
possibly  be  a  compound,  and  so  may  likewise  many  other 
metals;  but  we  must  admit  every  thing  to  be  a  peculiar 
body  which  has  peculiar  properties,  and  we  must  admit 
every  body  to  be  simple  till  some  proof  be  actually  produced 
that  it  is  a  compound ;  otherwise  we  forsake  the  road  of 
science,  and  get  into  the  regions  of  fancy  and  romance. 

Nickel  is  rather  a  scarce  mineral,  and  it  occurs  always 
in  combination  with  several  other  metals,  fix)m  which  it  is 
exceedingly  difiiculc  to  separate  it.  These  metals  disguise 
its  properties,  and  account  in  sonic  measure  for  the  hesita* 
tiou  with  wliich  it  was  admitted  as  a  peculiar  metal.  Since 
the  great  improvements  tliat  have  been  introduced  into  the 
art  df  analysing  minerals,  chemists  of  eminence  have  be- 
stowed ikiuch  pains  upon  this  metal,  and  a  variety  of  pro- 
cesses have  been  published  for  procuring  it  in  a  state  of 
purity.  For  die  brittle  metal  that  is  sold  under  the  liame 
of  nickel  contains  abundance  of  iron  and  arsenic,  and  some 
cobalt,  copper,  and  bismuth.  The  first  set  of  experiments, 
after  tliosc  of  Bergman,  made  expressly  to  purify  nickel^ 
are  those  of  the  School  of  Mines  of  Paris,  of  which  Fonr- 
croy  has  published  an  abstracLf  Their  metl)od  was  tedioug 
and  incomplete.  Since  the  publication  of  these  experi- 
ments, no  less  than  eight  other  processes  have  been  proposed 

•  Bergman,  ii.  531. 

t  Dibcours  Prelimioaire,  p.  117. 


by  chemiats,  all  of  them  u^ezuoosy  and  attended  each  with  Chap.  in. 
peculiar  adyaotageB  and  inconvenienoes.*  s— .^^-.k/ 

In  the  year  1804  an  daborate  paper  on  nickel  was  pub» 
liflhed  by  IUGfater,t  and  in  the  year  1811  an  excellent  set  of 
experiments  on  this  metal  and  its  combmations  was  published 
by  Tuppati4  About  the  same  time  an  elaborate  analysis 
of  its  oxides  wis  made  by  Rothoff.$ 

Tupputi's  mode  of  obtaining  pure  nickd  is  as  foUows.  Redaction. 
The  impuremetallic  substapoe  to  be  pet  with  in  commerce 
called  speisSf  is  to  be  reduced  to  powder  and  digested  in  2-^ 
times  its  weight  of  nitric  acid  diluted  with  an  equal  wdght 
of  water.  When  the  action  is  at  an  end,  filter  the  solution 
in  order  to  get  rid  of  a  quantity  of  arsenious  acid  which 
exists  in  it  in  the  state  of  a  powder.  Evaporate  the  liqtnd 
to  ^th  of  its  bulk;  more  crystals  of  arsenious  add  will  fidl; 
let  them  be  separated  by  a  filter.  Then  into  die  liqmd,  sdli 
hot,  drop  by  degrees  a  solution  of  carbonate  of  soda  till  the 
precipitate  which  fidls  begins  to  assume  a  green  colour.  || 
Then  filter  the  liquid,  dilute  it  with  a  good  deal  of  water, 
and  add  an  excess  of  acid,  and  pass  through  it  a  current  of 
sulphureted  hydrogen  gas  in  order  to  precipitate  the  whole 
of  the  arsenic.  It  falls  in  the  state  of  yellow  flocks.  When 
it  has  been  all  thrown  down,  filter  again  and  add  a  sufficient 
quantity  of  potash  to  precipitate  the  oxide  of  nidcel  which 
now  remains  combined  with  nitric  acid.  Mix  this  oxide  with 
S  per  cent,  of  resin,  make  it  into  a  paste  with  oil,  and 
expose  it  to  the  most  violent  heat  of  a  forge  m  a  charcoal 
crucible.    A  metallic  button  of  pure  nickel  will  be  obtained. 

But  a  much  shorter  process  may  be  employed  to  procure  simpler 
nickel  in  a  state  of  very  considerable  purity.    Dissolve  speiss  "^*o^- 
in   sulphuric  acid  by  adding  the  quantity  of  nitric  add 
necessary  to  produce  the  solution.    Concentrate  this  solu- 
tion and  set  it  aside.     Fine  green  crystals  of  sulphate  of 

*  Mr.  Philips  puUished  a  pioceM  in  Phil.  Mag.  xvi.  312 ;  Prputt 
another  in  Jour,  de  Phyn.  Ivii.  169 ;  Tlbenard  another,  in  Ann.  <b  Chiin. 
1. 117 ;  BucboU  anotbery  in  Gehle^'s  Jour,  iu  Wl^  wad  m.f&Ol ;  Kichter 
a  fifthy  Ibid.  iii.  344;  an^  Proiut  a  amb,  Ann.  de  Chim.  U.  37^. 

t  Gehien's  Joamal,  iii.  244.  {  Aop.  de  ChiiQ.  lufdii.  ISS. 

§  Benolii^'s  Lurboki  kenuoD,  ij.  Sll. 

II  There  tot  falls  arteniate  of  iron  in  yellowitb-whiu  jftocks^  then 
arseniate  of  co^Mdl  in  xose-^red  flockt  SfM|b^  w>tli  anaaiate  gf  ooi^fHK  and 
some  arleniate  of  maganese. 
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B<x>k  I.  nickel  maketheir  appearanoe.  Proceed  in  this  manner  till 
T^  y  you  have  obtained  a  sufiBcient  quantiQr  of  crystals  of  sulphate 
of  nickeL  Dissolve  these  cr}*stals  in  water  and  crystallize 
them  a  second  time.  If  they  be  now  dissolved  in  water* 
and  decomposed  by  an  alkali^  pure  oxide  of  nickel  will 
fidL  It  may  be  reduced  as  above  to  the  metallic  state. 
P^opertiei.  I.  Nickel,  when  pure^is  of  a  fine  white  colour  re« 
sembling  silver;  and,  like  that  metal>  ic  leaves  a  white 
trace  when  rubbed  upon  the  polished  surfiu^e  of  a  hard 
stone.* 

It  is  rather  softer  than  iron.  Its  specific  gravity,  accord'* 
ing  to  Richter,  after  being  melted,  is  8*279;  but  when 
hammered,  it  becomes  d*666.t  But  Tourte. found  the 
q>ecific  gravity  of  Richter's  nickd  8*402,  and  when  strongly 
hammered  it  was  as  high  as  8*9824  According  to  Tuputi, 
when  fiised  it  is  8*380,  and  after  being  hammered  it  is  as 
high  as  8*820.§ 

It  is  malleable  both  cold  and  hot ;  and  may  without  diffi- 
culty be  hammered  out  into  plates  not  exceeding  the  ^^ 
part  of  an  inch  in  thickness.  || 

It  is  attracted^  by  the  magnet  Like  steel,  it  may  be 
converted  into  a  magnet ;  and  in  that  state  points  to  the 
north  when  freely  suspended  precisely  as  a  common  mag- 
netic needle.  *• 

According  to  Lampadius,  its  magnetic  energy  is  to  that 
of  iron  as  35  to  55. ft 

It  requires  for  fusion  a  temperature  at  least  equal  to  1 60^ 
Wedgewood.tt  It  has  not  hitherto  been  crystallized.  It  is 
not  altered  by  exposure  to  the  air,  nor  by  keeping  it  under 
water.$§ 

♦  Fourcroy,  Discoure  Preliminaire,  p.  117.    t  Gehlen's  Jour.  iii.  S52. 

t  Gffhl^n's  Journal,  fiir  die  Cheiuie,  Phjsick  uod  Miueralogie,  vii, 
444.  From  Lampadius*  experiments  it  appears  that  this  nickel  con- 
tained cobalt  aud  arsenic.  Tromsdorfs  Journal,  x?i.  49,  as  quoted  hj 
Tuputi.  §  Ann.  de  Chim.  Ixxviii.  140. 

II  Richter,  Gehlen's  Jour  iii.  £53. 

**  Bergman,  Klaproth,  Fourcroy,  Richter,  &c.-— Mr.  Chenevix  had 
announced  a  method  of  procuring  nickel  which  was  not  magnetic;  but 
he  afterwards  ascertained^  that  it  owed  this  peculiarity  to  the  presence 
of  arsenic.  ft  Annals  of  Philosophy,  t.  6S. 

tt  Bergman,  ii.  S69.  According  to  Richter,  its  melting  point  is  as 
high  as  that  of  manganese.   Tuputi  thinks  it  rather  lower. 

K  Richter,  Ibid. 
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From  the- experiments  of  Tuputi,  it  appears  that  pre-  Chip.  ill. 
parations  of  nickel  possess  poisonous  qualities.*  ^— .^^— ./ 

11.  Nickel,  when  moderately  heated,  is  soon  tarnished ;  Oxidot. 
and  from  the  observations  of  Tourte,  it  appears  that  it  nina 
through  nearly,  the  same  changes  of  colour  that  steel  does 
when  tempered.  It  becomes  first  light-yellow,  then  deep- 
yellow,  light  violet-blue,  and  last  of  all  greyish-blucf  It 
is  capable  of  combining  with  two  proportions  of  oxygen,  and 
of  forminir  two  oxides.  The  protoxide  is  blackish  ash  grey, 
the  peroxide  black. 

1.  By  exposure  to  heat,  however  long  continued,  Tuputi  Protoxide. 
was  not  able  to  oxydize  this  metal  completely.  The  pro- 
toxide is  easily  procured  by  dissolving  nickel  in  nitric  acid, 
throwing  it  down  by  potash  and  after  washing  the  precipi« 
tate,  drying  it  and  heating  it  to  redness.  We  have  four 
sets  of  experiments  to  determine  the  quantity  of  oxygen  in 
this  oxide.     The  following  table  exhibits  the  results. 

Proust:f 100  nickel  +  26  oxygen 

KichterJ 100 +  28-2 

Tuputi  II 100 +  27 

Rothoff** 100 +  27-255 

Klaprothff 100 +  S2-5 

To  determine  which  of  these  numbers  is  most  correct,  let 
us  examine  the  composition  of  sulphate  of  nickel.  This 
salt,  according  to -the  experiments  of  Tuputi,  is  composed 
of 

Sulphuric  acid 100      5 

Protoxide  of  nickel  .    87*26 4*362 

We  see  that  accordinic  to  this  analysis  the  equivalent 
number  for  protoxide  of  nichel  is  4*362.  We  may  consider 
it  without  sensible  error  as  4*375.  On  this  supposition 
(considering  it  as  a  compound  of  1  atom  metal  +  1  atom 
oxygen)  it  will  consist  of 

Mickel 100 

Oxygen 29*68 

*  Ann.  de  Chim.  Ixxx.  188. 

t  Gehlen*8  Journal,  ftir  die  Chemie,  Physik,  &c,  vii.  44d. 
J  Ann.  de  Chim.  Ix.  872.  §  Gehlen's  Journal,  iii.  258. 

D  Ann.  de  Chim.  Ixxviii.  144. 

**  Berxelios  Larbok  i  Kemien  ii.  31 1.     ft*  Ann.  de  Chim.  Ixxxt.  68. 
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Book  I.    parts  nickel  and  2  parts  iron  is  moderately  hard,  qute  mal- 
DivisioDlI.  j^ble,  and  has  the  colour  of  steeL* 


SECT.  in. 

OF  COBALT. 


Hiatory.  L  A  MINERAL  Called  cobalty\  of  a  grey  colour,  and  very 
heavy,  has  been  used  in  different  parts  of  Europe,  since  die 
15th  century,  to  tinge  glass  of  a  blue  colour.  But  the 
nature  of  this  mineral  was  altogether  unknown  till  it  was 
examined  by  Brandt  in  1783.  This  celebrated  Swedish 
chemist  obtained  from  it  a  new  metal,  to  which  he  gave  the 
name  of  cobali.X  Lehmann  published  a  very  full  account 
of  every  thing  relating  to  this  metal  in  1761.§  Bergman 
confirmed  and  extended  the  discovery  of  Brandt  in  different 
dissertations  published  in  the  year  1780.||     Scarcely  any 

*  Aji]m1s  of  Philosophy,  v.  62. 

t  Tb«  word  cobalt  seems  to  be  derived  from  C4)balut,  which  was  the 
name  of  a  spirit  that,  according  to  the  superstitious  notions  of  the  times, 
haunted  mines,  destroyed  the  labours  of  the  miners,  and  often  gave  them 
a  great  deal  of  unnecessary  trouble.  The  miners  probably  gave  this 
name  to  the  mineral  out  of  joke,  because  it  thwarted  them  as  much  as 
the  supposed  spirit,  by  exciting  false  hopes,  and  rendering  their  labour 
often  fruitless ;  for  as  it  was  not  known  at  first  to  what  use  the  mineral 
could  be  applied,  it  was  thrown  aside  as  useless.  It  was  once  customary 
m  Germany  to  introduce  into  the  church-service  a  prayer  that  God  would 
preserve  miners  and  their  works  from  kobaltt  and  spirits.  See  Beckman's 
History  of  Inventions,  ii.  362. 

Matbesius,  in  his  tenth  sermon,  where  he  speaks  of  cadnUa  fossilis 
(probably  cobalt  ore),  says,  '*  Ye  miners  call  it  cohoU ;  the  Germans 
call  the  black  devil  and  the  old  deviFs  whores  and  hags,  old  and  black 
hohety  which  by  their  witchcraft  do  injury  to  people  and  to  their  cattle.** 

Lehmann,  Paw,  Delaval,  and  several  other  philosophers,  have  suppo- 
sed that  smalt  (oxide  of  cobalt  melted  with  glass  and  pounded)  was 
known  to  the  ancients,  and  uFed  to  tinge  the  beautiful  blue  glass  still  vi- 
sible in  some  of  their  works;  but  we  learn  from  Gmelin,  who  analysed 
some  of  these  pieces  of  glass,  that  they  owe  their  blue  cplour,  not  to  the 
presence  of  cobalt y  but  of  iron. 

According  to  Lehmann,  cobalt  ore  was  first  used  to  tinge  glass  blue  by 
Christopher  Schurer,  a  glassmaker  at  Platten,  about  the  year  1540. 

X  Acta  Upsal.  1733  and  1742. 

§  Cadtniaiogia,  oder  Geschichte  des  Farben-Kobolds. 

II  Opusc.  ii.  444,  601,  and  iv.  371*. 
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farther  addition  was  made  to  our  knowledge  of  this  metal  Chap.  ill. 
till  1798,  when  a  paper  on  it  was  published  by  Mr.  Tas-  '  "'^^'^^ 
saert.*  In  the  year  1800,  a  new  set  of  experiments  were 
made  upon  it  by  the  School  of  Mines  at  Paris,  in  order  to 
procure  it  perfectly  pure,  and  to  ascertain  its  properties 
when  in  that  state.f  In  1802,  a  new  series  of  trials  was 
published  by  Thenard,  which  throw  considerable  light  on 

its  combinations  with  oxygen 4  And  in  1806,  Mr.  Proust 
published  a  set  of  experiments  upon  the  same  subject.  § 
Considerable  attention  has  been  lately  paid  to  the  purifica- 
tion of  this  metal ;  but  hitherto  no  one  seems  to  have  been 
fortunate  enoug{i  to  hit  upon  a  method  altogether  free  from 
objections.  II 

1.  Cobalt  is  of  a  grey  colour  with  a  shade  of  red,  and  Properdet. 
by  no  means  brilliant.     Its  texture  varies  according  to  the 

heat  employed  in  fusing  it.  Sometimes  it  is  composed  of 
plates,  sometimes  of  grains,  and  sometimes  of  small  fibres 
adhering  to  each  other.*  ^    Its  has  scarcely  any  taste  or  smell. 

2.  It  is  rather  sofL  Its  specific  gravity,  according  to 
Tassaert,  is  8'5384?.i-f'     According  to  Lampadius  it  is  8*7  4t 

3.  It  is  brittle,  and  easily  reduced  to  powder;  but  if  we 
believe  Leonhardi,  it  is  somewhat  malleable  when  red-hot. 
Its  tenadty  is  unknown. 

4.  When  heated  to  the  temperature  of  ISO®  Wedgewood, 
it  melts;  but  no  heat  which  we  can  produce  is  sufficient 
to  cause  it  to  evaporate.  When  cooled  slowly  in  a  crucible, 
if  the  vessel  be  inclined  the  moment  the  surface  of  the 
metal  congeals,  it  may  be  obtained  crystallized  in  irregular 
prisms.}^ 

5.  Like  iron,  it  is  attracted  by  the  magnet ;  and,  from 
the  experiments  of  Wenzel,  it  appears  that  it  may  be  con- 
verted into  a  magnet  precisely  similar  in  its  properties  to  the 
common  magnetic  needle. 

*  Ann.  de  Chim.  xxviii.  101. 

t  Fourcroy,  Discours  Preliminaire,  p.  114. 

I  Ann.  de  Chim.  xlii.  210.  §  Ann.de  Cliim.  Ix.  260. 

II  See  Richter,  Gchlen's  Joar.  ii.53;  Bucholz,  Ibid.  iii.  201;  Philips, 
Phil.  Mag.  xvi.  312.  ♦•  L'Ecole  des  Mines. 

tt  Ann.  de  Chim.  xxviii.  99. 

t  J  As  quoted  by  Berzelius ;  liirbok  i  Kemien,  ii.  295.  Bergman  and 
the  French  chemists,  and  Hatchett,  state  the  specific  gravity  as  7*7 ;  but 
their  specimens  were  obviously  impure.  §§  Fourcroy,  v.  137. 
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BookL        IL  When  exposed  to  the  air  it  undergoes  no  change; 
?^^"^^^;  neither  is  it  altered  when  kept  under  water.    Its  aflSnity  for 
0^^^^!^      oxygen  is  not  sufficiently  strong  to  occasion  a  decomposldon 
of  the  water. 

When  kept  red  hot  in  an  open  vessel^  it  gradually  imbibes 
oxygen,  and  is  converted  into  a  powder,  at  first  blue,  but 
which  gradually  becomes  deeper  and  deeper,  till  at  last  it 
becomes  black,  or  rather  of  so  deep  a  blue  that  it  appears  to 
(he  eye  blacL  If  the  heat  be  very  violent,  the  cobalt  takes 
fire  and  bums  with  a  red  flame- 
Cobalt  combines  with  two  pn^rtions  of  oxygen  and 
forms  two  oxides.  The  protoxide  has  a  blue  colour,  but  the 
peroxide  is  black. 
Frocoiuk.  1 .  The  protoxide  of  cobalt  may  be  obtained  by  dissolving 
cobalt  in  nitric  acid,  and  precipitating  the  cobalt  from  the 
solution  by  means  of  potash.  The  precipitate  has  a  blue 
colour,  but  when  dried  in  the  open  air  it  gradually  becomes 
black.  This  black  powder  is  to  be  kept  for  half  an  hour  in 
that  degree  of  beat  known  to  manufacturers  of  iron  utensils 
by  the  name  of  cherry-red.  This  heat  expels  the  oxygen 
which  it  had  absorbed  in  drying,  and  converts  it  into  a  fine 
blue  colour.  This  oxide  dissolves  in  acids  without  effer- 
vescence. The  solution  of  it  in  muriatic  acid^  if  concai- 
trated,  is  green ;  but  if  diluted  with  water,  it  is  red.  Its 
solution  in  sulphuric  and  nitric  acids  is  always  of  a  red 
colour.*  This  oxide  has  been  analysed  by  Proust  and 
RothofE  The  following  are  the  results  which  they  ob- 
tained: 

Proustt 100  cobalt  +  19*8  oxygen 

Rothoff't 100 +  27-3 

From  the  experiments  of  Rothoff'  it  appears  that  when 
the  peroxide  of  cobalt  is  converted  into  the  protoxide  it  gives 
out  9 '7  of  oxygen.  Hence  we  see  that  die  oxygen  in  the 
two  oxides  are  as  tlie  numbers  2  to  3.  This  last  analysis, 
which  seems  susceptible  of  considerable  precision,  would 
make  the  protoxide  of  cobalt  a  compound  of 

Cobalt 100 

Oxygen 27'S6 

•  Ann.  de  Chim.  xlii.  213.  f  Ibid.  Ix.  367. 

I  Annals  of  Philosophy,  iii.  356. 


From  this  it  would  appear  that  the  weight  of  an  atom  Quip.  Hi. 
of  cobalt  is  $'625 ;  oa  this  snppoflition  (which  must  be  ^^^v**^ 
v^ery  near  the  truth)  the  protoxide  of  cobalt  ia  composed  of 

Cobalt 8*625 100 

Qxygen   1 27'58 

2.  When  the  protoxide  of  cobalt,  newly  precipitated  Ferozide. 
from  an  acid,  is  dried  by  heating  it  in  the  open  air,  it  as* 
sumes  a  flea-brown  colour,  which  gradually  deepeps  till  at 
kat  it  becomes  Idack.  This  is  the  peroxide  of  cobalt.  It 
dissolves  with  e&rvescence  in  muriatic  acid,  and  a  great 
quantity  of  chlorine  gas  is  exhaled*  From  the  experiments 
of.  Rothofl^  combined  with  the  preceding  determination  of 
the  composition  of  the  protoxide,  it  follows,  that  the  perox- 
ide is  composed  of 

Cobalt 100 

Oxygen    ....     36*77 

'  To  reconcUe  this  proportion  with  the  atomic  theory,  we 
must  consider  this  oxide  as  a  compound  of  2  atoms  cobalt 
and  3  atoms  oxygen.  On  this  supposition  its  weight  will 
be  10-250. 

III.  Cobalt  bums  when  gently  heated  in  chlorine  gas.  Chloride 
The  compound  formed  is  a  chloride  which  has  not  been 
examined. 

IV.  The  iodide  of  cobalt  has  not  been  examined.  Nei- 
ther are  we  acquainted  with  its  action  on  fluorine.  It  does 
lM>t  appear  capable  of  combining  with  azote  or  hydrogen. 
We  kmow  no  compound  which  it  forms  with  carbon,  boron^ 
or  silicon. 

V.  Phosphuret  of  cobalt  may  be  formed  by  heating  the  phofphu- 
metal  red-hot,  and  then  gradually  dropping  in  small  bits  of '^* 
phosphorus.     It  contains  about  -^^  of  phosphorus.    It  is 
white  and  brittle ;  and  when  exposed  to  tlie  air,  soon  loses 

its  metallic  lustre.  The  phosphorus  is  separated  by  heat, 
and  the  cobalt  is  at  the  same  time  oxidated.  This  phos- 
phuret is  much  more  fusible  than  pure  cobalt* 

VI.  Cobalt  cannot  be  combined  with  sulphur  by  fusion.  Sulpbuxn. 
But  sulphuret  of  cobalt  may  be  formed  by  melting  the  metal 

along  with  sulphur  previously  combined  with  potash^    It 

*  Pelletiw;  Aim.  do  Chim.  jluu  134. 
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Book  I.    has  a  ydlowish  white  colour,  displays  the  mduncMi'df  efys- 
IXvittoniL  ^^  ^^^  ^^^  scarcely  be  decomposed  by  heat. 

"^  The  sulphuret  of  cobalt,  according  to  Proast^  may  be 

formed  by  heating  together  the  oxide  of  cobalt  and  sulphur. 
Accordii^  to  his  experiments*  it  is  composed  of 

Cobalt 100 

Sulphur    ....    iS9*86 

But  he  does  not  place  much  confidence  in  the  accara^  of 
his  experiments.  If  the  sulphuret  of  cobalt  be  a  compcond 
of  1  atom  cobalt  + 1  atom  sulphur,  its  constitiieiits  will  be 

Cobalt 3*625   100 

Sulphur    ....  2*         55*16 

VIL  We  are  not  acquainted  with  the  alloys  which  cobalt 

forms  with  arsenic,  tellurium,  the  metallic  bases  of  the  fixed 

alkalies,  of  the  alkaline  earths,  and  earths  premier. 

May  with      VIII.  The  alloy  of  iron  and  cobalt  is  very  bard,  and  not 

^'^^         easily  broken.     Cobalt  generally  contains  some  iron,  firom 

whidi  it  is  with  great  difficulty  separated. 


SECT.  IV. 

OF   MANGANESE. 

HUtoffy.  The  dark  grey  or  brown  mineral  called  manganese^  is 

Latin  magnesia  (according  to  Boyle  from  its  resemblance  to 
the  magnet) J  has  been  long  known  and  used  in  the  manu- 
f^ture  of  glaiis.  A  mine  of  it  was  discovered  in  England 
by  Boyle.  A  few  experiments  were  made  upon  this  mineral 
by  Glauber  in  1656,t  and  by  Waizin  1705;$  but  chemists 
in  general  seem  to  have  paid  but  very  little  attention  to  it 
The  greater  number  of  mineralogists,  though  much  puzzled 
what  to  niuke  of  it,  agreed  in  placing  it  among  iron  ores : 
but  Pott,  who  published  the  first  chemical  examination  of 
this  mineral  in  1740,  having  ascertained  that  it  often  con- 
contains  scarcely  any  iron,  Cronstedc,  in  his  System  of 
Mineralogy ,  which  appeared  in  1758,  assigned  it  a  place  of 

*  Ann.  de  Chim.  Ix.  272.  f  Prosperitas  Germanit!. 

X  Weigleb's  Geschichte,  i.  127. 


Its  own,  on  the  supposition  ihat  it  consisted  chiefly  of  a  pe»  Chap.  ill. 
Guliar  earth.  Rinman  examined  it  anew  in  1765  ;•  and  in  ^^^'V*^ 
the  year  1770  Kaim  published  at  Vienna  a  set  of  experi- 
ments, in  order  to  prove  that  a  peculiar  metal  might  be  ex* 
tracted  fix>m  it.f  The  same  idea  had  struck  Bergman  about 
the  same  time,  and  induced  him  to  request  of  Scheele,  in 
1771,  to  undertake  an  examination  of  manganese,  Scheele's 
dissertation  on  it,  which  appeared  in  1774,  is  a  master-piece 
of  analysis,  and  contains  some  of  the  most  important  dis- 
coveries of  modem  chemistry.  Bergman  himself  published 
a  dissertation  on  it  the  same  year ;  in  which  he  demon- 
strates, that  the  mineral,  then  called  manganesej  is  a  metallic 
oxide4  He  accordingly  made  several  attempts  to  reduce 
it,  but  without  success ;  the  whole  mass  either  assuming  the 
form  of  scorias,  or  yielding  only  small  separate  globules  at* 
tracted  by  the  magnet.  This  difficulty  of  fusion  led  him  to 
suspect,  Uiat  the  metal  he  was  in  quest  of  bore  a  strong  ana- 
logy to  platinum.  In  the  mean  time,  Dr.  Gahn,  who  was 
making  experiments  on  the  same  mineral,  actually  suc- 
ceeded in  reducing  it  by  the  following  process :  He  lined  a 
crucible  with  charcoal  powder  moistened  with  water,  put 
into  it  some  of  the  mineral  formed  into  a  ball  by  means  of  oil, 
then  filled  up  the  crucible  with  charcoal  powder,  luted  ano^ 
ther  crucible  over  it,  and  exposed  the  whole  for  about  an 
hour  to  a  very  intense  heat.  At  the  bottom  of  the  cruci- 
ble was  found  a  metallic  button,  or  rather  a  number  of 
small  metallic  globules,  equal  in  weight  to  one-third  of  the 
mineral  employed.§  It  is  easy  to  see  by  what  means  this  re* 
duction  was  accomplished.  The  charcoal  attracted  the 
oxygen  from  the  oxide,  and  the  metal  remained  behind. 
The  metal  obtained,  which  is  called  manganese^  was  far- 
ther examined  by  Ilseman  in  1782,  Hielm  in  1785,  and 
Bindheim  in  1789.  An  elaborate  and  extensive  set  of  ex- 
periments on  this  metal  and  its  combinations  was  published 
by  Dr.  John  in  1807.|| 

1.  Manganese,  when  pure,  is  of  a  greyish-white  colour,  Propeities. 
like  cast  iron,  and  has  a  good  deal  of  brilliancy.     Its  tex- 
ture is  granular.    It  has  neither  taste  nor  smell.     It  is 

*  Mem.  Stockholm,  1765,  p.  235.  f  De  Metdlis  dubiis,  p.  48. 

X  Opusc.  ii.  801.  §  Bergman,  ii.  211. 

H  Geliieii*s  Journal  Hlr  die  Cbemie  uod  Physik,  iii.  452. 
VOL.  I.  3  O 
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Boejk  I.    softer  than  cast  iron  and  may  be  filed.    Its  specific  gravity 
Pt^^QPl^-  is  S-OIS.* 

^"^^"^^  9.  It  is  very  brittle ;  of  course  it  can  neither  be  bam- 
mered  not  dniwn  out  into  wire.  Its  tenaciQr  is  unknown. 
Its  firactare  is  uneven  and  its  texture  fine  granular. 

3.  It  requires,  according  to  Morvcau,  the  temperature  of 
160^  Wedgewood  to  melt  it ;  it  is  therefore  somewhat  less 
fiisible  than  iron. 

4.  When  pure  it  is  not  attracted  by  the  magnets  even 
when  in  powder ;  but  a  very  small  quantity  of  iron  gives  it 
the  magnetic  property. 

6si(let.  II*  Manganese  what  exposed  to  the  air,  attracts  orjrgen 

with  considerable  rapidity.  It  soon  loses  its  lustre,  and  be- 
comes grey,  violet,  brown,  and  at  last  black.  These  changes 
take  place  still  more  n^idly  if  the  metal  be  heated  in  an 
open  vessel.  When  thrown  into  water  it  decomposes  that 
liquid  with  considerable  rapidly.  The  hydrogen  extri* 
cated  has  a  smell  of  assafbetida,  owing  it  is  supposed  to  a 
small  portion  of  the  metal  whidi  it  carries  up  with  it 

Three  sets  of  experiments  have  beien  made  to  determine 
the  oxides  which  this  metal  finrms.  According  to  John  it 
fimns  three  oxides,  the  grem^  the  brown^  and  the  bladt. 
The  green  is  obtained  by  dissolving  the  metal  in  acids  and 
precipitating  it  by  an  alkali,  or  by  leaving  it  a  sufficient 
time  in  water.  The  black  or  peroxide  is  found  native  in 
abundance.  The  brown  is  obtained  by  exposing  the  black 
for  some  time  to  a  red  heat.  According  to  him  these  oxides 
arc  composed  as  follows : 

Green 100  manganese  +  15  oxygen* 

Brown     100 +25 

Black 100 +40 

Berzelius,  partly  from  his  own  experiments  and  partly 
from  those  of  John,  reckons  five  oxides.  The  first  is  grey  and 
is  obtained  by  keeping  metallic  manganese  for  some  time  in 
a  phial  with  a  cork  stopper.  The  second  is  green  and  is  ob- 
tained by  keeping  manganese  in  water.  The  third  by  dis- 
solving manganese  in  acids;  the  fourth  by  calcining  the 
nitrate  of  manganese;  while  the  fifth  or  peroxide  exists  in 
naturc.f  According  to  him  these  oxides  are  composed  as 
follows : 

*  John,  GehIeo*s  Jouraal,  iii.  460.        f  Ann.  dt  Chim.  luuuii.  169. 
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1    100  metal  +    7*0266  Chap.  iii. 

3  .......  100 +  14-0533  ^— v~^ 

8    100 +281070 

4    100 +  42-16 

5    100 -f  56-218 

Sir  H.  Davy  obtained  two  oxides  of  manganese,*  the 
olive  and  the  browriy  which  he  found  composed  as  follows : 

Olive    100  metal  +  26-58 

Brown 100 -f  39*82 

Dr.  John  acknowledges  that  his  analyses  of  these  oxides 
is  by  no  means  to  be  depended  on.  Berzelius'  statementis 
are  rather  theoretical  than  experimental.  He  even  doubts 
of  the  existence  of  his  first  oxide,  the  only  one  he  examined ; 
and  he  has  advanced  no  proof  that  tliere  exists  any  differ- 
ence between  his  second  and  third  oxide.  The  existence 
of  the  green  oxide  of  John  cannot  be  doubted.  It  consti- 
tutes the  bases  of  the  difierent  salts  of  manganese.  The 
existence  of  the  black  oxide  is  equally  certain,  as  it  occurs 
native  in  such  abundance.  When  the  black  oxide  is  heated 
to  redness  a  brown  powder  remains,  which  constitutes  the 
intermediate  oxide  of  John.  But  when  we  attempt  to  dis- 
solve chis  powder  in  acids  it  is  immediately  separated  into 
the  green  and  the  black  oxides  of  manganese.  Hence  it 
would  seem  to  be  merely  a  mixture  or  combination  of  these 
two  oxides.  At  present  therefore  we  have  evidence  of  the 
existence  of  only  two  oxides  of  manganese ;  the  protoxide 
which  combines  with  acids  and  forms  the  common  salts  of 
manganese,  and  the  peroxide  which  exists  native. 

1.  To  determine  the  composition  of  the  protoxide  the  best  Protoxide. 
way  seems  to  be  to  have  recourse  to  the  ealts  into  which  it 
enters.     According  to  Dr.  John,  sulphate  of  manganese  is 
composed  of 

Sulphuric  acid ....  100        *  • . .  5 
Protoxide 92-06    4-6 

Oarbonate  of  manganese  according  to  the  same  chemist  is 
composed  of 

Carbonic  acid . .  •  •  100        «...  9.'^S 
Protoxide    168'4?6   ....  4-495 

*  Sdetaentt  of  Chemici^  Philosophy,  p.  S^. 

2  D  2 
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Book  I.    By  the  first  of  these  salts  we  see  that  the  equiTalent  nmnber 
pivttioii  u,  f^^  protoxide  of  manganese  is  4*6 ;.  by  the  second  it  is 
4*495.     We  may  therefore  take  4*5  as  tlie  true  equivalent 
without  idling  into  any  great  error.     Hence  it  is  evident 
that  protoxide  of  manganese  is  composed  of 


Manganese 
Oxygen   . . 


S-5 
1 


100 
28-75 


This  very  nearly  coincides  with  Berzelias*  third  oxide. 
And  in  reality  his  third  oxide  is  xheprotaocide  of  manganese. 
The  protoxide  of  manganese  is  an  olive  green  powder, 
which  when  exposed  to  the  air  speedily  attracts  oxygen  and 
becomes  black.  Whoi  combined  with  carbonic  acid  it  con- 
stitutes a  white  powder. 
Toozide.  2.  The  peroxide  of  manganese  is  found  native  in  abun- 
dance particularly  in  Devonshire  near  Exeter.  When  pure 
it  has  a  radiated  texture  and  a  dark  steel-grey  colour,  with 
considerable  lustre  and  beauty.  It  is  brittle  and  v^  soft, 
soiling  the  fingers.  Its  specific  gravi^  is  about  4*7563. 
When  heated  to  redness  it  gives  out  rather  more  than  the 
tenth  part  of  its  weight  of  oxygen  gas,  and  is  converted  into  a 
brown  powder  destitute  of  metallic  lustre.  This  oxide  has 
never  been  accumtely  analysed.  Berzelius  states  its  com- 
position from  theoretical  considerations  to  be 

Manganese   100 

Oxygen 56*213 

Jf  we  suppose  the  quantity  of  oxygen  which  it  contains  to 
be  exactly  double  the  oxygen  in  the  protoxide,  which  from 
the  facts  resj:)ecting  it  already  known  there  is  every  reason 
to  consider  as  its  composition^  then  it  must  be  a  compound  of 

Manganese 100 

Oxygen 57*5 

And  the  weight  of  an  atom  of  it  will  be  5'5. 
Chloride  HI*  As  fitr  as  is  known  at  present  manganese  combines 
with  chlorine  in  only  one  proportion.  The  chk>ride  of 
manganese  was  first  described  by  Dr.  John  Davy.  He  ob- 
tained it  by  dissolving  the  black  oxide  of  manganese  in  mu- 
riatic acid,  evaporating  the  solution  to  dryness  and  exposing 
the  white  salt  that  remains  to  a  red  heat  in  a  glass  tube  with 
a  very  narrow  orifice.    It  is  a  substance  of  a  pure  delicate 
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light  pink  colour  and  of  a  lamellar  texture,  consisting  of  Chip.  III. 
broad  thin  plates.  It  melts  at  a  red  heat  without  alteration  ^^'^v— ^ 
in  close  vessels ;  but  in  the  open  air  it  is  decomposed,  mu- 
riatic acid  being  given  out  and  oxide  of  manganese  re- 
maining. When  left  in  an  open  vessel  it  deliquesces  and  is 
converted  into  muriate  of  manganese.  According  to  Dr. 
John  Davy's  experiments  it  is  composed  of 

Chlorine ....  54?   ....  100        ....  4*5 
Manganese..  46    ....     85*18    ....  3*83 

This  does  not  correspond  exactly  with  the  weight  of  an 
atom  of  manganese  as  determined  fix>m  Dr.  John's  analyses 
of  the  sulphate  and  carbonate  of  manganese.  I  should  not 
be  surprised  if  the  real  weight  of  an  atom  of  itaanganese  were 
3*75.  But  this  must  be  left  for  the  decision  of  future  expe* 
riments. 

IV.  No  experiments  have  been  hit^ierto  made  on  the 
combinations  of  manganese  and  iodine. 

y.  We  are  ignorant  of  the  action  of  fluorine  on  manga- 
nese.    It  does  not  combine  with  azote  nor  hydrogen. 

VI.  It  appears  capable  of  combining  with  carbon.     This  Cubant. 
compound  is  formed  occasionally  in  iron  founderies.    And 

in  this  country  it  is  known  by  the  name  of  Keesh.  It  occurs 
occasionally  in  small  cavities  in  the  mass  of  cast  iron,  and 
seems  to  be  the  result  of  crystallizing  during  the  cooling  of 
the  mass.  It  is  composed  of  thin  scales  having  the  lustre 
and  appearance  of  steel ;  but  very  brittle.  It  was  consi- 
dered as  plumbago ;  but  Dr.  Wollaston  examined  it  and 
found  that  acids  have  the  property  of  separating  from  it  a 
little  iron.  The  residuum  he  found  a  compound  of  carbon 
and  manganese.     It  is  therefore  a  carburet  of  that  metal. 

VII.  We  do  not  know  any  compound  of  manganese 
with  boron  or  silicon. 

VIII.  Phosphorus  may  be  combined  with  manganese  by  Pbosphu- 
mdting  together  equal  parts  of  the  metal  and  of  phosphoric  ^* 
glass;  or  by  dropping  phosphorus  upon  red  hot  manganese. 

The  phosphuret  of  manganese  is  of  a  white  colour,  brittle^ 
granulated,  disposed  to  crystallize,  not  altered  by  exposure 
to  the  air,  and  more  fusible  than  manganese.  When  heated 
the  phosphorus  bums,  and  the  metal  is  oxidized.* 

•  Pelletier,  Ann.  cif  Chim.  xiii^  137. 
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Book  h  IX.  Bei^ginaii  did  not  succeed  in  his  attempt  to  combine 
Pivwon  IL  manganese  with  sulphur;  but  he  formed  a  sulphureted  oxide 
Salphuret.  of  manganese^  by  combining  eight  parts  of  the  bkck  oxide 
with  three  parts  of  sulphur.  It  is  of  a  green  colour,  and 
gives  out  sulphureted  hydrogen  gas  when  acted  on  by  acids.* 
It  cannot  be  doubted,  however,  that  sulphur  is  capable  of 
combining  with  manganese;  for  Proust  has  founa  native 
sulphuret  of  manganese  in  that  ore  of  tellcirium  which  is 
known  by  the  name  of  gold  ore  of  Nagyag.f 

Vauquelin.  likewise  succeeded  in  combining  sulphur  with 
manganese,  by  heating  them  together.  According  to  his 
experiments,  the  sulphuret  of  manganese  is  composed  of 

Manganese   74*5   100 

Sulphur        25*5  34*22 

100*0  t 

From  this  analysis  it  is  reasonable  to  conclude^  that 
sulphuret  of  manganese  is  composed  of  2  atoms  manganese 
and  1  atom  su^hur.    On  this  sufqiositbn  its  constituents 

are 

Manganese  7   100 

Sulphur*       2   28-57 

X.  We  are  not  acquainted  with  the  allojrs  which  manganese 
is  capable  of  forming  with  arsenic,  tellurium,  the  metallic 
bases  of  the  fixed  alkalies,  alkaline  earths,  and  earths  proper. 
Alloy  with  XI.  It  combines  readily  with  iron;  indeed  it  has  scarcely 
ever  been  found  quite  free  from  some  mixture  of  that  metal. 
Manganese  gives  iron  a  white  colour,  and  renders  it  brittle. 

From  Berzdius'  experiments  we  learn,  that  manganese 
enters  as  a  constituent  into  cast  iron. 

XII.  We  do  not  know  the  alloys  of  manganese  with 
nickel  and  cobalt. 


iron. 


SECT.  V. 

OF  CERIUM. 


Hittory.         Ik  the  year  1 750  there  was  discovered,  in  the  copper  mine 
of  Bastnas  at  Ridderhytta,  in  Westmannland  in  Sweden,  a 

♦  Bergman,  ii.  821.  f  Jour  de  Phys.  Ivi.  1. 

t  Ann.  des  Mus.  d'Hist.  Nat.  159. 


CERIUM.  407 

mineral  which,  from  its  great  weight,  was  for  some  time  Chap.  ni. 
confounded  with  timgsten.  This  mineral  is  opaque,  of  a 
flesh  c(^our,  with  various  shades  of  intensity,  and  very 
rarely  yellow.  Its  streak  is  greyish  white,  and  when 
pounded  it  becomes  reddish  grey.  It  is  compact,  with  a 
fine  splintery  fracture,  and  fragments  of  no  determinate 
form ;  moderately  hard ;  its  specific  gravi^,  according  to 
Cronstedt,  4-988,*  according  to  Klaproth  4-660,t  accord- 
ing to  Messrs.  Hisinger  and  Berzelius,  from  4*489  to 
4*619.j:  This  mineral  was  first  examined  by  M.  lyElhuyar: 
the  result  of  whose  analysis  was  published  by  Bergman  in 
1784.$  It  ascertained  that  the  mineral  in  question  con» 
tained  no  tungsten. 

No  &rther  attention  was  paid  to  this  mineral  till  Kla^ 
proth  published  an  analysis  of  it  in  1804,  under  the  name 
of  Ochr(nts,\  and  aimounced  that  it  contained  9Lnew  earthy 
to  which  he  gave  the  name  of  ochroita.  He  sent  a  sp^ 
ctmen  of  this  new  product  to  Vauquelin,  who  made  a  few 
experiments  on  it,  but  hesitated  whether  to  consider  ochroita 
as  an  earth  or  a  metallic  oxide.*^  Meanwhile  the  mineral 
had  undergone  a  still  more  complete  examination  in  Swe- 
den by  Hisinger  and  Berzelius,  who  gave  it  the  name  of 
cerit;  detected  in  it  a  peculiar  substance,  which  they  consi- 
dered  as  a  metallic  oxide,  and  to  which  they  gave  Uie  name 
otcetiufHj  from  the  planet  Ceres^  lately discoveredby  Piazzi.tf 
But  the  attempts  of  these  chemists  to  reduce  the  supposed 
oxide  to  the  metallic  state  were  unsuccessful.  Nor  were  the 
subsequent  trials  of  Oahn,  to  reduce  it  by  violent  heat 
along  with  charcoal,  or  to  alloy  it  with  other  metals,  attend- 
ed with  greater  succe8s.:|::|:  Vauquelin  re-examined  it  more 
lately ;  but  his  attempts  have  been  only' partially  successful.  $$ 
They  demonstrate,  however,  that  the  substance  in  question 
is  a  metal;  dioogh  frcnn  its  refractory  nature,  and  its  voUf 
tUity,  only  minute  globules  of  it  were  obtained. 

In  1814  a  new  set  of  experiments  on  it  were  published  by 
Laugier.ll  ||  He  appears  to  have  reduced  it  to  the  metallic 
state,  but,  instead  of  the  pure  metal,  obtained  only  a  carburet 

*  Gehlen*8  Jour.  ii.  305.  t  Ibid.  t  Ibid.  ii.  398. 

§  Opuflc.  Ti.  108.  H  Oehlen's  Jour.  ii.  903. 

••  Ann.  de  Chim.  1. 140.  ft  GeWcn's  Jour.  ii.  8W. 

XX  Gehlen's  Jour.  iii.  317.  f§  Ann.  ds  Chim.  iv.  S8. 
It  II  Ann.  de  Chim.  fatxzix.  317. 
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Book  I.    Hisinger  had  previoddy  endeaToured  to  d^enniM  Am 
^^^"^^  "•  oompotttioD  of  iu  oxid»» 


To  obtain  the  metal,  the  combination  of  oodde  of 
cerium  with  tartaric  acid  waa  mixed  with  some  lamp-Uack 
and  oil,  and  exposed  to  the  violent  heal  of  a  ibrge  in  a 
crucible  lined  with  charcoal,  and  inclosed  in  another  filled 
with  sand.  Only  a  small  metallic  button  waa  obtained,  not 
exceeding  the  fiftieth  part  of  the  oxide  of  cerium  expoaed 
to  heat  It  was  white,  brittle^  dissolved  with  great  diflBcnlty 
in  nitro-muriatic  add,  and  proved  a  mixture  of  iron  and 
cerium.  Another  attempt  to  obtun  the  metal  by  heating 
ita  tartrate  in  a  porcelain  retort  was  not  more  successfiiL 
Most  of  it  was  dissipated,  small  globules  only  remaining^ 
which  proved  as  before  a  mixture  of  cerium  and  iron.t 

Laugier  has  shown  that  osalic  acki  precipitates  the 
whole  of  the  oxide  of  cerium,  and  thus  separates  it  fixnn 
iron.  He  employed  the  oxide  firom  the  oxalate  and 
exposed  it  to  a  strong  heat  made  up  into  a  paste  with  oiL 
He  aflirma  that  it  is  not  vdatile.  But  an  experiment  made 
in  Mr.  CSiildren's  laboratory  demonstrates  the  contrary. 
Oxalate  of  cerium,  which  I  had  prqpared,  waa  exposed  to 
the  heat  of  a  fiurnace^  urged  by  bcUows  in  a  crucible  of 
charcoal :  it  was  completely  volatilized,  j: 

I.  To  procure  oxide  of  cerium  in  a  state  of  purity,  the 
Swedish  chemists  employed  the  fi>llowing  method:  The 
mineral  was  reduced  to  a  fine  powder,  and  digested  in  nitric 
acid  till  every  thing  soluble  was  taken  up.  The  solution 
being  decanted  off  is  evaporated  to  dryness,  and  the  residue 
dissolved  in  water.  Into  this  solution  ammonia  is  poured, 
till  every  thing  precipitable  by  means  of  it  is  thrown  down* 
This  precipitate  being  well  washed  is  redissolved  in  nitric 
acid ;  the  acid  is  neutralized ;  and  then  tartrate  of  potash  § 
is  added  to  the  solution.  The  precipitate  which  is  sq)arated 
being  heated  to  redness,  and  well  washed  with  vinegar,  and 
dried,  is  pure  oxide  of  cerium.|| 

1.  When  first  procured  it  has  a  white  colour,  but  when 
heated  to  redness  it  becomes  reddish  brown. 
RedactUm.      2.  When  made  into  a  paste  with  oil,  and  heated  in  a 

*  Memoirs  of  the  Stockholm  Academy  for  1813,  and  Annals  of  Phi- 
losophy, iw,  355.  t  Ann.  do  Chim.  liy.  59. 
X  Annsls  of  Philpsophyi  iL  1^7. 
§  A  salt  to  bedescribed  hereafter.  g  Gefalen's  Jour.  ii.  40U 
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charcoal  cruciblei  it  loses  weight    When  urged  by  a  strong  Chap.  ill. 
fire  on  charcoal,  it  does  not  melt,  but  continues  in  powder.  ^"V*^ 
It  exhibited,  however,  brilliant  particles,  and  dissolved  in 
muriatic  acid,  disengaging  at  first  sulphufeted  hydrogen, 
and  afterwards  pure  hydrogen  gas.* 

II.  According  to  the  experiments  of  Vauqudin  and  Oxides; 
Hisinger,  this  jnetal  combines  with  2  portions  of  oxygen. 
The  protoxide  is  white^  the  peroxide  reddish  brown. 
Hisinger  endeavoured  to  ^determine  the  proportion  o{ 
oxygen  which  these  oxides  contain  by  a  carefiil  analysis  of 
some  of  the  salts  which  they  form.    The  peroxide  contains 

1-^  times  as  much  oxygen  as  the  protoxide.   The  protoxide^ 
according  to  him,  is  composed  of 

Cerium 100 

Oxygen   17*41 

The  peroxide  of 

Cerium 100 

Oxygen   26-115 

From  Hisinger's  experiments  it  appears,  that  the  equiva* 
lent  number  for  protoxide  of  cerium  is  6*75,  and  that  it  is  a 
compound  of  1  atom  cerium  +  1  atom  oxygen.  On  this 
supposition  it  is  composed  of 

Cerium    5*75   100 

Oxygen  1        17*39 

We  must  suppose  peroxide  of  eerium  a  compound  of  2 
atoms  cerium  +  3  atoms  oxygen.  According  to  this  sup- 
position the  weight  of  an  atom  of  it  will  be  14*5. 

III.  We  are  not  acquainted  with  any  combination  of 
cerium  with  chlorine,  fluorine,  azote,  or  hydrogen. 

IV.  From  the  experiments  of  Laugier,  it  appears  capable  Carbaret« 
of  combining  with  carbon.    He  obtained  the  carburet  by 
heating  protoxide  of  cerium,  made  into  a  paste  with  oi^ 
surrounded  with  charcoal  in  a  retort.    The  carburet  was  a 
black  matter  which  took  fire  spontaneously  when  exposed  to 

the  air.f 

V.  When  a  stick  of  phosphorus  was  put  into  a  solution  Photpho- 
pf  cerium  in  muriatic  add,  and  kept  for  some  days  on  a  '^ 

*  Hissinger  and  Berzelius,  Gehlen's  Jour.  ii.  40L 
t  Ann.  d«  Cbim.  Ixuix.  317. 
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Book  I.    BlOT«»  the  bottom  and  lides  of  the  vessel  were  covered  with 

]>mnonil.  ^  ^hif^  precipitate^  and  the  phosphonu  was  covered  with  a 

^"^^'^'^  hard  brown  cms^  which  was  tenacious,  and  shone  in  the 

dark.    When  heated  it  took  fire,  and  left  a  small  qoanti^ 

of  oxide  of  cerium.    But  this  ei^mrimcnt  did  not  succeed 

when  repeated.* 

Balphviiet.      VL  Hydro-sulphuret  of  ammonia  throws  down  cerium 

at  first  of  a  brown  colour,  but  it  becomes  deep  green  as  we 

condnue  to  add  the  re-agent.    The  precipitate  when  dried 

becomes  bright  green.     When  heat^  it  bums,  and  leaves 

the  ydlow  <»ide  of  cerium ;  but  the  colour  of  the  precipi* 

tate  varies  according  to  the  state  of  the  cerium  held  in  solu- 

tion.f 

VII.  Tlie  attempt  made  by  Gahn  to  unite  cerium  with 
lead  did  not  succeed,  and  hidierto  no  other  combination  of 
it  with  metals  has  been  tried,  if  we  ezo^  the  alloy  of  cerium 
and  iron  obtained  by  Vauqudin. 


SECT.  VL 

OF  URINIUM. 

History.  I.  There  is  a  mineral  found  in  the  George  Wagsfbrt 
mine  at  Johan-Georganstadt,  in  Saxony,  partly  in  a  pure 
or  unmixed  state,  and  partly  stratified  with  other  kinds  of 
stones  and  earfbs.  The  first  variety  is  of  a  blackish  cok>ur, 
inclining  to  a  dark  iron  grey,  of  a  moderate  splendor,  a 
dose  texture,  and  when  broken  presents  a  somewhat  even, 
and  (in  the  smallest  partides)  a  conchoidal  surface.  It  is 
quite  opaque,  tolerably  hard,  and  on  being  pounded  yields  a 
black  powder.  Its  specific  gravity  is  about  7*500.  The 
second  sort  is  distinguished  by  a  finer  black  colour,  with 
here  and  there  a  reddish  cast :  by  a  stronger  lustre,  not 
unlike  that  of  pitcoal ;  by  an  inferior  hardness;  and  by  a 
shade  of  green,  which  tinges  its  black  colour  when  it  is 
reduced  to  powder.j: 

*  Hissiuger  and  Berzelius,  Ann,  de  Chim.  liv.  46. 

t  Kissinger  and  Benelias,  Ibid.  With  VauquelJn  the  result  was 
different.  The  precipitate  which  he  obtained  was  whitey  and  contained 
no  sulphureted  hydrogen. 

X  KUproth,  Crell's  Jour.  Engl.  Transl.  i.lfO. 

1 
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rhis  fossil  was  called  pecbhiende ;  and  mineralogitts,  Chap.  ill. 
sled  by  the  name,*  had  taken  it  for  an  ore  of  zinc,  vA  ^— "V^ 
emer,  convinced  from  its  texture,  hardness,  and  specific 
ivity,  that  it  was  not  a  blende^  placed  it  among  the  ores  of 
n.  Afterwards  he  suspected  that  it  containeil  tungsten; 
d  this  conjecture  was  seemingly  confirmed  by  the  experi- 
nts  of  some  German  mineralogists,  published  in  the 
iners'  Jcumal.  But  Klaproth  examined  this  ore  in 
S9,  and  found  that  it  consists  chiefly  of  sulphur,  Combined 
th  a  peculiar  metal,  to  which  he  gave  the  name  of  ura^ 

Uranium  was  afterwards  examined  by  Richter,  and  more 
ely  an  elaborate  set  of  experiments  has  been  published  on 

by  Bucholz.:|: 

To  obtain  uranium  from  its  ore,  the  mineral  is  to  be  How  ob- 
ated  with  nitric  acid,  which  dissolves  the  metallic  por-  '^^"^^ 
n,  and  leaves  the  greater  part  of  the  foreign  bodies.  The 
ution  usually  contains  iron,  copper,  and  lime  as  well  as 
Binium.  By  evaporating  it  to  dryness,  and  exposing  the 
y  mass  to  a  moderately  strong  heat,  tiie  iron  is  rendered 
soluble,  while  the  other  ingredients  are  taken  up  by  distilled 
iter.  Ammonia  poui'ed  into  this  solution,  and  digested 
it  for  some  time,  retains  the  copper,  but  throws  down  the 
anium.  The  precipitate  is  to  be  well  washed  with 
!mionia  till  the  liquid  comes  off  colourless ;  it  is  then  to  be 
ssolved  in  nitric  acid,  concentrated  by  evaporation,  and 
t  by  to  crystallize.  The  green  coloured  crystals  that  form 
e  to  be  picked  out,  dried  on  blotting  paper,  dissolved  in 
Iter,  and  the  liquid  again  crystallized.  By  this  means  the 
bole  of  the  lime,  should  any  be  present,  is  gradually  left 
>hind,  and  the  crystals  consist  at  last  of  pure  oxide  of  ura* 
um,  united  to  nitric  acid.  They  are  to  be  exposed  to  a 
d  heat ;  a  yellow  powder  remains,  which  is  oxide  of  ura- 
iim.  This  powder  is  to  be  mixed  with  a  small  quantity  of 
larcoal  }x>wder,  and  exposed  to  a  violent  heat.  By  this 
lethod  it  is  reduced  to  the  metallic  state.$ 

*  Blende  is  the  name  given  to  ores  of  zinc. 

f  From  Vranut  ( w.««^  )i  the  name  given  by  Mr.  Bode  to  the  new 
anet  discovered  by  Herschel ;  which  name  the  German  astronomers 
ive  adopted.  Mr.  Klaproth  called  the  metal  at  first  uranite^  but  he 
terwards  changed  that  name  for  uramum.  X  Gehlen's  Jour.  iv.  17. 
§  See  Klaproth'a  Bditrage,  ii.  476^  Eng.  Trans,  and  Bncholi,  Gehlen's 
>ar.  iv.  19. 
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Book  I.       ^-  Hitherto  uranitmi  has  not  beat  obtained  in  himscb  of 
DivifioaU.  any  considerable  size;  the  heat  requisite  to  melt  it  bung 
^"^^""""^^  much  greater  than  can  be  raised  in  fiimaoes.    It  follows^ 
^f^f^*^^^  from  the  trials  <^  Bucholzy  that  no  flox  is  of  any  service  in 
fiidlitating  the  fusion  of  this  metal ;  that  its  refractoriness 
does  not,  as  Richter  suq)ected,  proceed  from  the  presence 
of  iron ;  that  charcoal  powder,  when  mixed  in  a  luge  pro- 
portion, obstructs  the  success;  and  that  we  accomplish  our 
purpose  best  when  the  oxide  is  mixed  with  a  portion  of 
charcoal  not  exceeding  -^gth  61  the  weight.    This  mixtnre 
is  to  be  inclosed  in  a  charcoal  crucible,  to  exclude  the  air, 
and  exix)6ed  to  the  strongest  heat  that  can  be  raised.    Klap- 
Toth,  in  a  heat  of  170^  Wedgewood,  obtained  a  porous 
metallic  mass,  firmly  cohering;  and  Bucholz  procured  it 
nearly  in  the  same  state. 

2.  Its  colour,  when  thus  obtained,  is  iron-grey ;  it  has 
considerable  lustre^  and  is  soft  enough  to  yield  to  the  file. 
Its  malleability  and  ductility  are  of  course  unknowiL  Its 
q)ecific  gravity,  in  Klaproth's  trials,  was  only  S'lOO.  But 
Bucholz  obtained  it  as  high  as  9'000. 

II.  From  the  experiments  of  Bucholz,  together  with 
those  <^  Schoiibert  *  we  learn,  that  uranium  combines  with 
2  doses  of  oxygen.  The  protoxide  is  grejfisMlack;  but  the 
peroxide  is  yellow. 
7ft>toiide.  1 .  When  uranium  is  heated  to  redness  in  an  open  vessel, 
it  undergoes  a  species  of  combusdon,  glowing  like  a  live 
coal,  and  is  soon  converted  into  a  greyish  black  powder, 
which  undergoes  no  fiurther  cliange,  though  the  heat  be 
continued.  This  powder  is  the  protoxide  of  uranium. 
According  to  the  experiments  of  Bucholz,  this  oxide  is 
composed  of 

Uranium   • ..  100 

Oxygen     5*17  f 

But  Schoiibert,  from  the  muriate  of  uranium,  has  calcu* 
lated  the  composition  of  the  protoxide  as  follows: 

Uranium   100 

Oxygen     6-373  % 

As  the  experiments  of  Schoiibert  were  made  with  care, 

*  Berzeliiu'  Attempt  to  establish  a  pare  scientific  system  of  MinerS- 
l^'Sy*  P-  118-  t  Geblen's  Joiimaly  iT.35. 

X  Benelius'  Attempt  to  estabUsh  a  pure  tdentific  sjrstem  of  Minera- 
logy,  p.  118. 
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ttid  his  method  is  smoeptible  of  greater  precision  than  that  Chap.  IIL 
of  Bucholz,  we  shall  take  his  estimate  as  the  most  correct. 
If  the  protoxide  be  a  compound  of  1  atom  metal  +  1  atom 
oxygen,  then  the  weight  of  an  atom  of  uranium  will  be 
15*691.  We  sliall  consider  15*625  as  the  correct  number. 
We  have  in  that  case  protoxide  of  uranium  composed  of 

Uranium  15*625 100 

Oxygen    1 6*4 

2.  When  uranium  or  its  protoxide  is  dissolved  in  nitric  VaoMe. 
acid,  and  the  solution  is  treated  with  an  alkali,  the  metal  is 
precipitated  in  the  state  of  a  peroxide.  The  same  peroxide 
is  procured  by  precipitating  uranium  from  sulphuric  or 
muriatic  acids,  and  exposing  it  while  moist  to  the  air.  The 
peroxide  thus  obtained^  when  well  washed  and  dried,  is 
yellow,  tasteless,  and  insoluble  in  water.  When  treated 
with  muriatic  acid,  it  dissolves  with  eflervescence,  chlorine 
acid  gas  being  disengaged.  According  to  the  experiments 
of  Schoubert  it  follows,  that  this  oxide  contains  1^  times  as 
much  oxygen  as  the  protoxide.     It  is  composed  therefore  of 

Uranium   100 

Oxygen     9*6 

If  we  consider  it  as  a  compound  of  2  atoms  uranium  and 
3  atoms  oxygen,  an  atom  of  it  will  weigh  34*25. 

III.  We  are  unacquainted  witli  the  compounds  which 
uranium  makes  with  chlorine,  iodine,  and  fluorine.  It  does 
not  appear  capable  of  uniting  with  azote  nor  hydrogen.  We 
are  acquainted  with  no  compounds  which  it  forms  with  car- 
bon, boron,  silicon,  and  phosphorus. 

IV.  Klaproth  mixed  the  peroxide  of  uranium  with  twice  Sulphuiet; 
its  weight  of  sulphur,  and  heated  it  in  a  retort  till  most  of 

the  sulphur  was  driven  off.  The  residuum  was  a  blackish 
brown  compact  mass.  By  increasing  the  heat,  the  whole  of 
the  sulphur  was  driven  ofl^  and  the  uranium  remained  in  the 
metallic  state  in  the  form  of  a  black  heavy  coarse  powder.* 
Bucholz's  experiments,'though  made  in  a  different  way,  led 
nearly  to  the  same  result.  He  boiled  a  mixture  of  sulphur 
and  oxide  of  uranium  in  an  alkaline  solution  to  dryness, 
heated  the  residue  to  redness,  and  then  treated  it  with  dis- 

.  *  Beitnige^  ii.  913. 
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Book  I.  tilled  water.  A  blackish  browo  pow^r  remained  behind. 
Division  H.^^^  small  needles  of  a  red  colour  appeared  in  the  solntion. 
In  one  trial,  the  compound  which  he  obtained  gave  out 
some  sulpbureted  hydrogen  when  dissolved  in  muriatic  add. 
This  is  a  proof  that  it  was  not  a  sulphureted  coide,  but  a 
sulphuret  of  uranium.* 

V.  Nothing  is  known  respecting  the  combinations  of 
uranium  with  the  other  metals;  Bucholz  having  been 
hitherto  prevented  from  making  any  experiments  on  that 
part  of  the  subject,  by  the  want  of  a  sufficient  quantity  of 
uranium. 

FAMILY   IV. 

The  substances  belonging  to  this  fiunily  are  the  follow- 
ing seven : 

1.  Zinc  5.  Bismuth 

2.  Lead  6.  Mercury 

3.  Tin  7.  Silver. 

4.  Copper 

They  are  all  metals,  and  have  been  long  known,  and  are 
in  common  use  for  the  purposes  to  which  metals  are  applied. 
They  are  precipitated  from  their  solutions  in  acids  in  the 
metallic  state  in  the  order  according  to  which  they  are 
placed  in  the  preceding  table.  Zinc  precipitates  all  the 
others,  but  is  not  itself  precipitated  by  any  of  them.  Lead 
precipitates  all  except  zinc.  Tin  all  except  zinc  and  lead. 
Copper  precipitates  only  bismuth,  mercury,  and  silver ;  and 
mercury  precipitates  only  silver.  Silver  is  precipitated  by 
all  the  rest,  but  does  not  itself  precipitate  any  of  the  others. 


SECT.  I. 
OF  ziNa 


Hi«iory.  I.  llie  aiicicnts  were  acquainted  with  a  mineral  to  which 

they  gave  the  name  of  Cadmioy  from  Cadmus,  who  first 
taught  the  Greeks  to  use  it.  They  knew  that  when  melted 
with  copper  it  formed  brass ;  and  that  when  burnt,  a  white 

•  Gehlen's  Jour.  iv.  47. 


spongf  kind  of  ashes  was  volatilized,  which  they  used  in  Chap.  III. 
medicine.*  This  mineral  contained  a  good  deal  of  zinc ; 
and  yet  tttere  is  no  proof  remaining  that  the  ancients  were 
acquainted  with  that  metaLf  It  is  first  mentioned  in  the 
writings  of  Albcrtus  Magnus,  who  died  in  1280;  but  whe* 
dier  he  had  seen  it  is  not  clear,  as  he  gives  it  the  name  of 
marcasite  of  gold^  which  implies,  one  would  think,  that  H 
had  a  yellow  colour4  The  word  zinc  occurs  first  in  the 
writings  of  Paracelsus,  who  died  in  1541.  He  informs  u$ 
very  gravely,  that  it  is  a  metal,  and  not  a  metal,  and  that  il 
consists  chiefly  of  the  ashes  of  coppen$  This  metal  baa 
also  been  called  spelter. 

Zinc  has  never  been  found  in  Europe  in  a  state  of  puritji 

*  Pliny,  lib.  xxxiv.  cap.  2  and  10. 

f  Grignon  indeed  says,  that  something  like  it  was  discovered  in  the 
rains  of  an  ancient  Roman  city  in  Cham|>agne ;  but  the  substance  which 
he  took  for  it  was  not  examined  with  any  accuracy.  It  is  impossible 
therefore  to  draw  any  inference  whatever  from  his  assertion.  Bulletin 
de  Fouilles  d*une  Ville  Romaine,  p.  11. 

\  The  passages  in  which  he  mentions  it  are  as  follows :  They  prove,  I 
think,  incontestibly,  that  it  was  not  the  metal,  but  the  ores  of  the  metal, 
with  which  Albertus  was  acquainted.  De  Mineral,  lib.  ii.  cap.  11. 
**  Marchasita,  sive  marchasida  ut  quidam  dicunt,  est  lapis  in  substantia, 
et  hsbet  multas  species,  quare  colorem  accipit  cujuslibet  metalh,  et  sic 
dicitar  marchasita  argentea  et  aurea,  et  sic  dicitur  aliis.  Metallum  tamen 
quod  ook>rat  cam  non  distillat  ah  ipso,  sed  evaporat  in  ignem,  et  sic 
wlinqoitor  cinis  inutilis,  et  hie  lapis  notus  est  apud  alcbymicos,  et  ix^ 
multis  locis  veniuntur." 

Lib.  iii.  cap.  10.  "  ^s  autem  invenitur  in  venis  lapidis,  et  quod  est 
apad  locum  qui  dicitur  Goselariaest  purissimum  et  optimum,  et  toti  sub- 
tlantis  lapidis  incorporatum,  ita  quod  totus  lapis  est  sicut  marchasita 
aurea,  et  profundatum  est  melius  ex  eo  quod  purhis.'' 

Lib.  V.  cap.  5.  "  Dicimus  igitur  quod  marchasita  duplicem  habet  in 
soi  creatione  substantiam,  argenti  vivi  silicet  mortiiicati,  et  ad  fixionem 
approximantis,  et  sulphuris  adurentis.  Ipsam  habere  sulplrireitateoi 
coroperimus  manifesta  experientia.  Nam  cum  sublimatur,  ex  ilia  emanat 
substantia  sulphurea  maaifeste  combureus.  £t  sine  sublimatioue  simili- 
ter perpenditur  iUius  sulphureitas. 

<<  Nam  si  ponatur  ad  ignitionem,  non  suscipit  illam  priusquam  inflam* 
maliooe  sulphuris  iuflamnietur,  et  ardaat.  Ipsam  vero  argenti  vivi  sub- 
stantiam manifestatur  habere  sensibiliter.  Nam  albedinem  pre&tat  Veh 
a«ri  meri  argenti,  quemadmodum  et  ipsum  argentum  vivum,  et  colorem 
ia  iptius  sublimatiooe  cslestiom  prsBstare,  et  luciditatem  manifeatara  xa^ 
talttcam  babere  videmus,  quae  certum  reddunt  artificem  Alchiim«,  iUaia 
has  substantias  continere  in  race  sua.'' 
§  Sea  vol.  vi.  of  his  Works  in  quarto. 
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Book  I.  and  it  was  long  before  a  method  was  discovered  of  extract* 
^J;;;!^^  ing  it  from  its  ore.*  Henkel  pointed  out  one  in  1721 ;  Vou 
Swab  obtained  it  by  distillation  in  1742 ;  and  Margraff  pub- 
lished  a  process  in  the  Berlin  Memoirs  in  1746.t  At  pre- 
sent there  are  three  works  in  this  country  in  which  zinc  is 
extracted  from  its  ore;  two  in  the  neighbourhood  of  Bristol, 
and  one  at  Swansey.  The  ore  (sulphuret  of  zinc)  is  roasted 
and  reduced  to  powder,  mixed  with  charcoal,  and  exposed 
to  a  strbng  heat  in  large  closed  clay  pots.  The  sdnc  is  re- 
duced, and  gradually  drops  down  through  an  iron  tube  is- 
suing fit)m  the  bottom  of  the  pot,  and  falls  into  a  vessel  of 
water.  The  zinc  is  afterwards  melted  and  cast  into  ingots. 
A  considerable  quantity  of  zinc  is  yearly  exported  from  Bri- 
tain, chiefly  to  the  north  of  Europe.^: 
fvopeitiet.  1 ,  Zinc  is  of  a  brilliant  white  colour,  with  a  shade  of  blue, 
and  is  composed  of  a  number  of  thin  plates  adhering  to- 
gether. When  this  metal  is  rubbed  for  some  time  between 
the  fingers,  they  acquire  a  peculiar  taste,  and  emit  a  very 
perceptible  smell. 

2.  It  is  rather  soft;  when  rubbed  upon  the  fingers  it  tinges 
them  of  a  black  colour. .  The  specific  gravity  of  melted  zinc 
varies  from  6*861  to  7*1  ;§  the  lightest  being  esteemed  the 
purest     When  hammered  it  becomes  as  high  as  7*1 908.  || 

S.  This  metal  forms  as  it  were  the  limit  between  the  brittle 
and  the  malleable  metals.  Its  malleability  is  by  no  means 
to  be  compared  with  that  of  copper,  lead,  or  tin ;  yet  it  is  not 
brittle,  like  antimony  or  arsenic.  When  struck  with  a  hammer, 
it  does  not  break,  but  yields,  and  becomes  somewhat  flatter; 
and 'by  a  cautious  and  equal  pressure,  it  may  be  reduced  to 
pretty  thin  plates,  which  are  supple  and  elastic,  but  caimot 
be  folded  without  breaking.  ITiis  property  of  zinc  was  first 
ascertained  by  Mr.  Sage.**  When  heated  somewhat  above 

•  The  real  discoverer  of  this  method  appears  to  have  been  Dr.  Isaac 
La^soD.     See  Pott,  iii.  diss.  7,  and  Watson's  Chemical  Essays. 

t  Bergman,  ii.  309. 

}  See  an  account  of  the  manufacture  of  this  metal  in  Watson*s  Chem. 
Essays,  iv.  1. 

§  Brisson  and  Dr.  Lewis.  A  specimen  of  Goslar  zinc  was  found  by 
Dr.  Watson  of  the  specific  gravity  6*953 ;  Bristol  zinc  7*028.  Chemical 
£t8ays,  iv.  41.  A  specimen  of  zinc  tried  by  Mr.  Hatcheti  was  7*06S« 
On  the  Alloys  of  Gold,  p.  67.  ||  Brisson. 

••  Jour,  de  Min.  An.  v.  595. 
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SI  2%  it  becomes  very  malleable.    It  may  be  beat  at  plea-  Chap.  ill. 
«ure  without  breaking,  and  hammered  out  into  thin  plates.  ^^*"v*^ 
When  earefully  annealed,  ^t  may  (it  is  said)  be  passed 
through  rollers.  It  may  be  very  readily  turned  on  the  lathe. 
When  heated  to  about  400^  it  becomes  so  brittle  that  k 
may  be  reduced  to  powder  in  a  mortar. 

4.  It  possesses  a  certain  degree  of  ductility,  and  may  with 
care  be  drawn  out  into  wire.*  Its  tenacity,  from  the  ex.- 
periments  of  Muschenbroeck,  is  such,  that  a  wire  whose 
diameter  is  equal  to  -,i^tli  of  an  inch  is  capable  of  supporting 
a  weight  of  about  26  Ibs.f 

5.  When  heated  to  the  temperature  of  about  680%^  it 
mdts;  and  if  the  heat  be  increased,  it  evaporates,  and  may 
bf^«asily  distilled  over  in  close  vessels.  When  allowed  to 
cool  slowly,  it  crystallizes  in  small  bundles  of  quadrangular 
prisms,  disposed  in  all  directions.  If  they  are  exposed  to 
the  air  while  hot,  they  assume  a  blue  changeable  colour.  § 

II.  When  exposed  to  the  air,  its  lustre  is  soon  tarnished,  Combini- 
but  it  scarcely  undergoes  any  other  change.     When  kept  ^'°"  ^^ 
under  water,  its  surface  soon  becomes  black,  the  water  is    ^^^' 
slowly  decomposed,  hydrogen  gas  is  emitted,  and  the  oxy- 
gen combines  with  the  metal.     If  the  heat  be  increased,  the 
decomposition  goes  on  more  rapidly ;  and  if  the  steam  of 
water  is  made  to  pass  over  zinc  at  a  very  high  temperature^ 
it  is  decomposed  with^eat  rapidity.  || 

When  zinc  is  kept  melted  in  an  open  vessel,  its  surface  is 
soon  covered  with  a  grey  coloured  pellicle,  in  consequence 
of  its  combination  with  oxygen.  When  tliis  pellicle  is  re- 
moved, another  soon  succeeds  it ;  and  in  this  manner  may 
the  whole  of  the  zinc  be  oxidized.  When  these  pellicles 
are  heated  and  agitated  in  an  open  vessel,  they  soon  assume 
the  form  of  a  grey  powder,  often  having  a  shade  of  yel- 
low. This  powder  has  been  called  the  grey  oxide  of  zinc. 
When  zinc  is  raised  to  a  strong  red  heat  in  an  open  vessel^ 
it  takes  fire,  and  bums  with  a  brilliant  white  flame,  and  at 
the  same  time  emits  a  vast  quantity  of  very  light  white  flakes. 

*  BlacVs  Lectures,  ii.  583. 

t  He  found  a  rod  of  an  inch  diameter  to  support  2600  lbs.  Now  if 
the  cohesion  increase  as  the  square  of  the  diameter,  the  strength  of  a 
wire  of  1-lOth  inch  will  not  differ  much  from  that  assigned  in  the  text. 

X  Black's  Lectures,  ii.  583.  §  Mongez, 

II  Lavoisier,  Mem.  Par.  1781^  p.  274. 
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JBooi^L    Heie  are  mcfdiy  an  oxide  of  seme    This  oxide  wiM  well 
'  known  10  the  andentSr    Diosoorides  describei  the  Bdethod 


•^ 


of  pieparing  it«  The  andents  called  it  pompholyx :  the 
oarly  ohemistft  gave  it  the  name  cSmhU  album,  lana  philoso' 
phicOf  and  flowers  oj  fame.  DigscorideB  oompareB  it  to 
wooL* 

Zinc  oombtneft  with  only  one  proportion  of  oxygen.  The 
oxide  of  rino  is  a  sastdess^  white. powder,  rathor  lig^t  uid 
insoluble  in  water.  It  is  nsed  as  a  paint  and  answers  very 
well  as  a  water  cokmr.  It  oonlMnes  readily  with  adds  and 
forms  neutral  salts.  Many  careful  experiments  have  been 
made  to  determine  the  composition  of  this  oxide.  The 
fcHowing  table  exhibits  the  results  obtained  by  the  diflerent 
experimenters } 

Proustf  .....  100  metal  +  25 

Berzdiust  ...  100 +  24*4 

Gay-Lu88ac$..  100 +  24*4 

Thomsonll...  100 +  24*16 

.  We  peiceiTe  a  great  ccnnddenoeiB  all  these  experimentB* 
If  the  oxide  of  adnc  be  a  oompoond  of  1  atom  metal  +  1 
atom  oxygen,  then  according  to  Proustfs  determination  an 
atom  of  zinc  will  wei^i  4.  According  to  the  determination 
of  Berzelius  and  Gay-Lussac  its  weight  will  be  4*098.  Ac- 
cording to  mine  it  will  be  4*1S9.  We  may  take  4*125  as 
sufficiently  near  the  truth. 

The  reduction  of  the  oxides  of  zinc  is  an  operation  of 
difficulty  in  consequence  of  the  strong  affinity  which  exists 
between  zinc  and  oxygen,  and  the  consequent  tendency  of 
the  zinc  after  reduction  to  unite  with  oxygen.  It  must  be 
mixed  with  charcoal,  and  exposed  to  a  strong  heat  in  vessels 
which  screen  it  from  the  contact  of  the  external  air. 
Cbroride.  III.  Zinc  combines  readily  with  chlorine  and  forms  a 
chloride  of  zinc.  This  metal  takes  fire  in  chlorine  gas  and 
the  chloride  is  formed.  It  may  be  obtained  by  dissolving 
zinc  in  muriatic  acid,  evaporating  the  solution  to  dryness, 
and  exposing  it  to  a  red  heat  in  a  glass  tube  with  a  narrow 


•   Fpisv   ttt>vviti   a^OfACityrai^   V.  85,  p.  S52. 

t  Add.  de  Cliim.  xxxt.  51.  J  Aim.  de  Chim.  \xtn\.  84. 

§  Ann.  de  Chim.  Ixxx.  170. 
d  Annals  of  Philosophy  li.  410. 


ZIKC.  #19 

orifice.  When  obtained  by  distilling  a  mixture  of  zinc  Chap.  in. 
filings  and  oorrorive  sublimate  it  was  formerly  distinguished  ^^"""v**^ 
by  the  name  of  butter  of  zinc.  When  obtained  in  this  Way 
it  sublimes  readily  when  heated,  and  crystallizes  in  needles. 
But  Dr.  John  Davy  assures  us  that  when  the  chloride  is 
formed  by  heating  the  muriate  in  a  glass  tube  it  does  not 
sublime  even  at  a  red,heat ;  but  remains  in  a  state  of  fusion. 
When  exposed  to  the  afar  it  very  ^ieedily  deliquesces.  Ac- 
cording to  the  analysis  of  Dr.  John  Davy*  it  is  composed  of 

Chlorine 50.   100 

Zinc 50   100 

If  we  suppose  it  composed  of  an  atom  of  chlorine  and  an 
atom  of  zinc,  its  constituents  should  be 

Chlorine 4*5       ....  100 

Zinc 4  125....     91*6 

IV.  2Snc  readily  combines  with  iodine  by  heat.     The  Iodide, 
iodide  has  a  white  colour.     It  is  easily  volatilized  and  crys- 
tallizes in  fine  quadrangular  prisms.     It  deliquesces  in  the 

^r  and  is  very  soluble  in  water.  The  solution  is  colourless 
and  does  not  crystallize.  This  solution  contains  a  combina- 
tion  of  hydriodic  acid  and  oxide  of  zinc.  Hence  the  iodide 
must  decompose  water.  Gi^Lussac  has  shown  that  this 
Iodide  is  a  compound  of  1  atom  iodide  +  1  atom  ainc; 
or  by  weight  of 

Iodine  ....  15*6^5   ......  100 

Zinc 4-126    26'52 

V.  We  are  not  acquainted  with  any  combination  of  zinc 
and  fluorine.  It  does  not  combine  with  azote,  nor  hydro- 
gen. 

VI.  Hydrogen  gas  procured  from  zinc  by  means  of  diluted 
sulphuric  acid,  when  burnt,  produced  a  certain  portion  of 
carbonic  acid.  Hence  it  was  inferred  that  it  contained 
originally  some  carbureted  hydrogen.f  As  the  zinc  dissolves, 
a  black  powder  makes  its  appearance  in  the  solution.  This 
black  powder  the  French  chemists  affirm  to  be  plumbago, 
and  to  its  presence  they  ascribe  the  cause  of  the  formation 

•  PhiLTnuis.  1812,  p.  135. 

t  See  the  eiperiments  of  Fourcroy,  Vau^nelia^  sod  Segain,  Ann*  de 
Cbim.  viii.  SdO. 
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of  carbnteted  faydrogen ;  but  thia  t^nnion  has  not  bees 
'  vmfied  by  accnnte  cxperimentt,  and  u  indeed  onUEd;  to 
be  true.* 

.  VII.  We  are  not  acqiiuoted  with  any  oompoond  of  one 
andbonm,  or  silicon. 

.  VIII.  Zinc  may  be  combined  mthphospfaonu^bydnippiiig 
anall  Inta  of  {dibq>honu  into  it  wbUe  in  a  state  of  fotion. 
.  Pdletier^  to  whom  we  are  indd>ted  ibr  the  e^>eiiment, 
Added  abo  a  little  resin*  to  jn^vent  the  oxidatiMi  of  the 
zinc.  Fhoq>buret  of  zinc  is  of  a  white  colour,  a  metallic 
q>lendoar,  but  resembles  lead  more  than  nnc.  It  is  some- 
what malleable.  When  hammered  or  filed,  it  emits  the 
ijdour  of  [Ao^horus.  When  exposed  to  a  strong  heat,  it 
bums  like  zinct 

Phosphorus  combines  also  with  ihc  oxide  of  zinc  j  a  com- 
pound which  Margraff  had  obtained  during  his  experiments 
on  phosphorus.  When  12  parts  of  oxide  of  zinc,  !2  parts 
of  phosphoric  glass,  and  2  parts  of  charcoal  powder,  are 
distilled  in  an  eartlienware  retort,  and  a  strong  heat  ap- 
phed,  a  metallic  substance  sublimes  of  a  silver-while  colour, 
which  when  broken  has  a  vitreous  appearance.  This,  ac- 
■  cording  to  Pellctier,  is  phosphureted  oxide  of  zinc.  When 
heated  by  the  blowpipe,  the  phosphorus  burns,  and  leaves 
behind  a  glass,  transparent  while  in  fusion,. hut  opague  after 
ooo1ing4 

Phosphureted  oxide  of  zinc  is  obtained  also  when  S 
parts  of  zinc  and  1  part  of  phosphorus  are  disUUed  in  an 
earthen  retort.  The  products  are,  1.  Zinc;  2.  Oxide  d* 
zinc;  3.  A  red  sublimate  which  is  phosphureted  oxide  of 
idnc ;  4.  Keedleform  crystals,  of  a  metallic  brilliancy  and 
a  bluish  colour.  These  also  Pellatier  considers  as  phos- 
phureted oxide  of  zinc.§ 

IX.  Sulphur  cannot  be  artificially  combined  mlh  zinc; 
but  when  melted  with  the  oxide  of  zinc,  a  combination  is 
formed,  as  was  first  discovered  by  Detme  in  I7S1.||     The 

*  Pmust  hu  Bscertuned,  that  thia  black  powder  »  often  not  cubaiet 
-  of  imii,  but  a  mixture  o(  arsenic,  copper, and  lead.  Ann.  deCbim.  aii*. 
Si.  On  separating  this  black  powder  and  drying  it,  I  found  that  it  u- 
■amed  an  olive^;i«eii  colour.  It  proved  in  all  mj  trials  to  be  a  mutur* 
of  copper  and  lead.  f  Ann.  da  Chim.  xiii.  ISO. 

IPaUetier.Ann.deChim.ziii.lSS.       §  Ann.  deClum.siu.lSJi. 

II  Cbem.  Jour.  p.  46,  and  Crell'i  Annals,  1786,  i.  7. 
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experiment  was  afterwards  a'q)eated  by  Morvean.*  A  Chap.  iii. 
similar  compound  is  formed  when  sulphurated  hydrogen,  in  ^^—-v-"^ 
combination  with  an  alkali,  is  dropped  into  a  solution  of 
zinc.  It  is  at  first  white^  but  becomes  darker  on  drying. 
It  was  considered  by  chemists  as  sulphur  united  to  the 
oxide  of  zinc;  but  experiment  does  not  confirm  the  opinion. 
The  zinc  seems  to  be  in  the  metallic  state.  Mr.  Edmond 
Davy  found  that  when  the  vapour  of  sulphur  was  passed 
over  zinc  in  fusion,  a  yellowish  compound  was  obtained 
similar  in  appearance  to  blepde. 

One  of  the  most  common  ores  of  zinc  is  a  foliated  mineral, 
usually  of  a  brown  colour,  called  blende  ;  tasteless,  insoluble 
in  water,  and  of  a  specific  gravity  about  4.  Bergman 
showed  that  this  ore  consisted  chiefly  of  zinc  and  sulphur. 
Chemists  were  disposed  to  consider  it  as  a  sulphureted  oxide 
of  zinc,  in  consequence  chiefly  of  the  experiments  of  Mor* 
veau,  above  referred  to ;  but  die  analyses  of  Bergman  were 
inconsistent  with  this  notion.  Proust  gave  it  as  his  opinion, 
that  blende  is  essentially  a  compound  of  zinc  in  the  metallic 
state  with  sulphur.f  This  opinion  is  now  universally  ad- 
mitted to  be  the  true  one.  By  a  careful  analysis  of  yellow 
blende,  I  found  it  (abstracting  some  iron)  a  compound  of 

Zmc 100 

Sulphur  .  • .     48-84  t 

Hence  we  see  that  it  is  a  compound  of  1  atom  zinc  +  1 
atom  sulphur. 

X.  Zinc  may  be  combined  with  arsenic  by  distilling  a  Alloys  with 
mixture  of  it  and  of  arsenious  acid.$    This  alloy,  according  *"*'*"'» 
to  Bergman,  is  composed  of  four  parts  of  zinc  and  one  of 
arsenic.  ^ 

XI.  We  are  not  acquainted  inth  the  alloy  of  zinc  and 
tellurium. 

•XII.  Zinc  may  be  alloyed  with  potassium  by  heat;  but  Potissium, 
the  alloy  is  difficult  to  form  on  account  of  the  volatility  of 
the  potassium.     It  has  the  colour  of  pounded  zinc.     It  is 
gradually  destroyed  in  the  air,'  effervesces  in  water,  and  still 
more  violently  in  acids.  || 

With  sodium.it  is  easily  alloyed  in  a  cherry-red  heat  Sodium, 

•  Mem.  do  I'Acad.  de  Dijon,  1783.  f  Jour,  de  Phys.  Ivi.  79. 

X  Annals  of  Philosophy,  iv,  93.  $  Malouin. 

II  Gay-Lossacundlbenard;  lUcbarchas  Pbysico-chimiqaet,  i.  S31. 
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BiMt  I.  The  edoor  cf  tha  alli^  it  Uaiali-gny.  It  m  brittle,  and  of 
w^!i!'  *  fo]itdai  testnn.  It  U  deitrojed  in  the  air,  and  efierveacea 
^"''™''^  In  water  and  to  add*.* 

XIII.  We  are  not  acqaainted  with  the  alloyi  which  ainc 
femu  with  the  mrtala  of  tha  alkaline  earths  and  earth* 
proper. 
boo.  XIV.  It  i*  difficult  to  combine  ainc  with  iron,  becanethe 

lieat  neocwnry  to  mek  the  latter  metal  diaaipatea  the  former. 
The  allofi  according  to  Lewis,  whei  fenned,  is  hard,  some* 
what  malleable,  and  of  a  white  coloar  approaching  to  that 
of  ailTcr.t  M"'"*""  hai  shown  that  nnc  mmj  be  used  inrtead 
of  tin  to  carer  iron  plaiea :  a  proof  that  there  is  an  affini^ 
between  the  two  metaU.^ 
Nickel-  XV.  Snc  does  not  appear  capable  of  combining  with 

nickel  I7  fiiaioo.}    Neither  does  it  combine  with  cobalt  faj 
<        ftiBton.  , 

We  are  not  acqiuunted  with  the  alloys  whidi  snc  maj 
be  capable  of  fivining  with  manganese,  coinm,  and  an^ 


Lead  appears  to  have  been  very  early  Jtnown.  It  is  men- 
tioned several  times  by  Moses.  The  ancients  seem  to  have 
considered  it  as  nearly  related  to  tin. 

I.  Lead  ia  of  a  bluish  white  colour;  and  when  newly 
melted  ia  very  bright,  but  it  soon  becomes  tarnished  by  ex- 
posure to  the  air.  It  has  scarcely  any  taste,  but  emits  on 
friction  a  peculiar  smell.  It  stains  paper  or  the  fingers 
of  a  bluish  colour.     When  taken  internally  it  acts  as.  a 


'  Ga<r-Lusiac  and  Thenard ;  Recherches  PLjisico-chiiniques,  i.  843. 

t  Neuman's  Chem.  p.  69.  I  Mem.  Par.  1742. 

§  The  Chinese,  liowever,  seem  to  be  in  posaession  of  some  method  of 
combining  these  meuUs:  for,  according  to  Engestroem,  the  pak^omg, 
or  white  copp«r,  ia  composed  of  copper,  nickel,  aud  zina  The  unc 
unoants  to  seven-uxteenth*  of  the  whole,  and  the  proportions  of  the 
copper  and  nidiel  an  to  each  other  as  fiv«  to  thirteen.    Han.  Stock. 

irro. 


2.  It  is  one  of  the  softest  of  the  metals,  its  specific  grayity  Chap.  in. 
is  1 1*3523.*  Its  specific  gravity  is  not  increased  by  ham-  ''*— v^ 
mering;  so  far  from  it,  that  Muschenbroeck  found  lead 

when  drawn  out  into  a  wire^  or  long  hammered,  actually 
diminished  in  its  specific  gravity.  A  specimen  at  first  ci 
the  specific  gravity  ]  r479,  being  drawn  out  into  a  fine  wire^ 
was  of  the  specific  gravity  1 1*317 ;  and  on  being  hammered* 
it  became  11 -21 87;  yet  its  tenacity  was  nearly  tripled.f 
Guyton  Morveau  on  repeating  this  experiment  found  the 
result  as  stated.  But  he  found  likewise  that  he  could  in« 
crease  the  specific  gravity  of  lead,  by  hammering  it,  confined 
in  a  mould  so  that  it  had  not  liberty  to  expand. 

3.  It  is  very  malleable,  and  may  be  reduced  to  thin  plates 
by  the  hammer;  it  may  be  also  drawn  out  into  wire^  but  its 
ductility  is  not  great  Its  tenacity  is  such,  that  a  lead  wire 
iVV  inch  diameter  is  capable  of  supporting  only  18*4  pounds 
without  breaking. 

4..  From  the  experiments  of  Mr.  Criditon  of  Glasgow  we 
learn  that  lead  melts  when  heated  to  the  temperature  6 12^.^ 
When  a  very  strong  heat  is  applied  the  metal  boils  and  eva- 
porates. If  it  be  cooled  slowly,  it  crystallizes.  The  Abb6 
Mongez  obtained  it  in  quadrangular  pyramids,  lying  on  one 
of  their  sides.  Each  pyramid  was  composed,  as  it  were,  of 
tliree  layers.  Pajot  obtained  it  in  the  form  of  a  polyhedron 
with  32  sides,  formed  by  the  concourse  of  six  quadrangular 
pyramids.§ 

II.  When  exposed  to  the  air  it  soon  loses  its  lustre,  and  Oxides, 
acquires  first  a  dirty  grey  colour,  and  at  last  its  surface  be- 
comes almost  white.  This  is  owing  to  its  gradual  combina- 
tion with  oxygen,  and  conversion  into,  an  oxide.  But  this 
conversion  is  exceedingly  slow  ;  the  external  crust  of  oxide^ 
which  forms  first,  preserving  the  rest  of  the  metal  for  a  long 
time  from  the  action  of  the  air. 

Water  has  no  direct  action  upon  lead;  but  it  facilitates 
the  action  of  the  external  air :  for,  when  lead  is  exposed  to 
the  air,  and  kept  constantly  wet,  it  is  oxidated  much  more 
rapidly  that  it  otherwise  would  be.   Hence  the  reason  of  the 

•  Brissoo.  FahreDhelt  iboiid  it  11-3500,  Phil.  Tnuis.  1724.  Vol 
xxxiii.  p.  114.  I  found  a  specimen  of  milled  lead  11*407  at  the  tempera- 
ture of  64^.  t  WAMerberg,  i.  441. 

X  Phil.  Mag.  xvi.  49.  $  Jour,  da  Phji.  xxxr ill.  53. 
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Book  I.    white  crust  nhlch  appears  upon  the  sides  of  leaden  vessel* 
DiTmnnH^.  (.ontaining  water,  just  at  the  place  where  the  upper  sni&ce 
of  the  water  usually  texminates. 

Lead  unites  with  oxygen  in  three  portiona,  and  forms  the 
pmfoxiile  of  lead,  which  is  yellow;  the  pernx'ule  which  is 
broom  ;  and  the  red  oxide,  which  seems  to  be  a  compound 
of  the  yellow  and  the  browTi. 
^*^^  1.  The  protoxide  or  yellou' oxuU- o?  leixd,  which  has  been 

longest  known,  and  most  carefully  cxamiiieil,  may  be  ob- 
tained by  dissolving  lead  in  a  suflicicnt  quantity  of  nitrio 
acid,  so  as  to  form  a  colouilcss  solution,  and  then  supersE^ 

iturating  it  with  carbonate  of  potash.     A  white  powder  falls, 
which  when  dried,  and  heated  nearly  to  redness,  assumes  a 
.  yellow  colour.     It  is  pure  yellow  ojrJde  nflead.     Tliis  oxide 

'  is  tasteless,  insoluble  in  water,  but  soluble  in  potash  and  in 

acids.     It  readily  melts  when  heated,  and  forms  a  yellow, 
'  semi-transparent,  brittle,  hard  glass.     In  violent  beats  a 

portion  of  it  is  dissipated.     When  kept  heated  in  the  open 
«  air,  its  surface  becomes  brick  red. 

Various  careful  experiments  have  been  made  in  order  to 
determine  with  accuracy  the  composition  of  this  oxide,     t    ' 
consider  the  results  obtained  by  Buchotz  and   BerzcHus, 
especially  the  last,  as  very  near  tlie  trutli.     These  are  as 
fidlows: 

Bucholz' 100  lead  +  8  oxygen 

Berzeliust   ....   100  +7-7 

Let  us  consider  the  yellow  oxide  of  lead  as  a  compound  of 
JOO  lead  +  7'692  oxygen,  which  does  not  differ  materially 
from  the  determination  of  Berzelius.  In  that  case,  if  it  be 
ft  combination  of  1  atom  metal  with  1  atom  oxygen,  tta 
constitution  will  be 

Lead 13    100 

Oxygen  ...     1    7*692 

The  veigfat  of  an  atom  of  lead  will  be  IS,  and  ofaa  atom 
of  protoxide  14. 

When  lead  is  kept  melted  in  an  c^>en  vessel,  its  surfiice  is 
soon  covered  with  a  grey  coloured  pellic1&  When  this 
pellicle  is  removed,  another  succeeds  it;  and  by  continiuog 

•  Gehkn's  Joama],  t.  359. 

f  Ann.  de  Cbim.  InYiii,  11,  and  luix.  121, 
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the  heat,  the  whole  of  the  lead  may  soon  be  converted  into  Cbap.  iii. 
this  substance.  If  these  pellicles  be  heated  and  agitated  for  ^*""V*^ 
a  short  time  in  an  open  vessel,^  they  assume  the  form  of  a 
greenish  yellow  powder.  •  Mr.  Proust  has  shown  that  this 
powder  is  a  mixture  of  yellow  oxide  and  a  portion  of  lead  in 
the  mel^lic  state.  It  owes  its  green  colour  to  the  blue  and 
yellow  powders  which  are  mixed  in  it.  If  we  continue  to 
expose  this  powder  to  heat  for  some  time  longer  in  an  open 
vessel,  itiubsorbs  more  oxygen,  assumes  a  yellow  colour, 
and  is  then  known  in  commerce  by  the  name  of  massicoL 
The  reason  of  this  change  is  obvious :  the  metallic  portion 
of  the  powder  gradually  absorbs  oxygen,  and  the  whole  of 
course  is  converted  into  yellow  oxide. 

When  thin  plates  of  lead  are  exposed  to  the  vapour  of  White  kA 
warm  vinegar,  they  are  gradually  corroded;  and  converted 
into  a  heavy  white  powder,  used  as  a  point,  and  called  white 
lead.  This  powder  used  formerly  to  be  considered  as  a  pe- 
culiar oxide  of*  lead ;  but  it  is  now  known  that  it  is  a  corn- 
pound  of  the  yellow  oxide  and  carbonic  acid. 

2.  If  nitric  acid,  of  the  specific  gravity  1*260,  be  poured  Peroxide, 
upon  the  red  lead,  185  parts  of  the  oxide  are  dissolved ;  but 
15  parts  remain  in  the  state  of  a  black  or  rather  deep  brown 
powder.*  This  is  the  peroxide  or  broum  oxide  of  lead,  first 
discovered  by  Scheele.  Tlie  best  method  of  preparing  it  is 
the  following,  which  was  pointed  out  by  Proust,  and  after- 
wards still  farther  improved  by  Vauquelin :  Put  a  quantify 
of  red  oxide  of  lead  ihto  a  vessel  partly  filled  with  water,  and  i 

make  chlorine  gas  pass  into  it.  The  oxide  becomes  deeper 
and  deeper  coloured,  and  is  at  last  dissolved.  Pour  potash 
into  the  solution,  and  the  brown  oxide  of  lead  precipitates. 
By  this  process  68  parts  of  brown  oxide  may  be  obtained  for 
every  100  of  red  oxide  employed,  f 

This  oxide  is  a  tasteless  powder  of  a  flea-brown  colour* 
and  very  fine  and  light  It  is  not  acted  on  by  sulphuric  or 
nitric  acids.     From  muriatic  acid  it  absorbs  hydrogen,  and  { 

converts  it  into  chlorine.  When  heated  it  gives  out  the 
half  of  its  oxygen  and  is  converted  into  yellow  oxide.^ 
Hence  it  is  obvious  that  the  peroxide  of  lead  is  a  compound  < 

pf  1  atom  lead  +  2  atoms  oxygen,  or  by  weight  of  i 

I- 
*  Scheele,  i.  113,  and  Proost,  Ann.  de  Chira.  xxiii.  98. 

f  oarcroy,  i?.  91.  t  Berzelius ;  Ann.  de  Cbim.  lxx?iii.  1^ 
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Hook  I.  Lead   13 100 

Wviiioini.  Oxygen     2    15-384 

Kcdoxidc.       3.  If  massicot,  ground  to  a  fine  powder,  be  put  into  a 
fiirnace,  and  constantly  stirred  while  the  flame  of  the  buin- 

Iing  coals  plays  against  its  surface,  it  is  in  about  4S  hours 
converted  into  a  bi'autii'ul  red  powder,  known  by  the  name 
of  niininm  or  ml  leml.*     This  powder,  wliich  is  likewise 
'  used  as  a  paint  and  for  various  other  purjKJses,  is  the  red 

oxuie  of  U-ad. 

Kcd  lead  is  a  tasteless  powder,  of  an  intense  red  colour^ 
often  iociining  to  orange,  and  very  heavy  ;  its  specific  gra- 
I  vity,  according  to  Muschenbroeck,  being  S-ftiO.    It  loses  no 

icDsihlc  weight  in  a  heat  of  400°;  but  when  heated  to  red- 
ness, it  gives  out  oxygen  gas,  and  gradually  runs  into  a  dark 
browTi  glass  of  considerable  hardness.  By  this  treatment  it 
loses  from  four  to  seven  |)arls  in  the  hundred  of  its  weight,  and 
a  part  of  [he  lead  is  reduced  to  tlie  metallic  state.  Red  lead 
does  not  appear  'ocombine  with  acids.  Many  acids  indeed 
l'  act  upon  it,  but  they  reduce  it  in  the  lirst  place  to  the  state 

of  yellow  oxide. 
]  It  appears  from  the  analysis  of  Berzelius  that  the  red  lead 

of  commerce  is  mixed  witii  yeliow  oxide,  with  sulphate  of 
lead,  muriate  of  lead,  and  silica.  When  separated  Irom  all 
these  foreign  bodies  he  found  it  a  compound  of 

Lead 100 

Oxygen ll-08t 

I  It  is  obvious  then  that  it  contains  1^  timet  as  mucli  oxjr- 

I  gen  as  the  protoxide.     We  have  two  ways  of  viewing  tluf 

substance.    It  may  be  considered  as  a  compound  of  2  atoms 
>:  of  lead  and  3  atoms  of  oxygen,  or  as  a  compound  of  1  atom 

of  protoxide  and  1  atom  of  peroxide.  Which  ever  of  these 
views  we  take,  it  is  evident  that  its  weight  will  be  the  same. 
It  must  be  twice  the  weight  of  an  atom  of  lead  +  3  atoms  of 
oxygen ;  or  20.  As  red  lead  does  not  combine  with  any 
other  substance  without  undergoing  decomposition,  its  na- 
ture is  not  of  much  importance  in  a  chemical  point  of  view. 
But  every  person  may  convince  himself  by  an  examination 
of  the  salts  into  which  yellow  oxide  of  lead  enters  that  its 

"  SeeanaccouDtof  the  method  ormannikctuTing  rtdlead  in  Watson'* 
Chemiol  Eisnji  iii.  338.         f  BcneUus ;  Ann.  de  Chim.  luviii.  14. 
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equivalent  number  uf^l4.    It  must  therefore  be  a  protodde.  Chap.  iii. 
Now  I  am  not  aware  of  any  other  means  of  reconciling  th^  *— ^^^-i*^ 
composition  of  the  oxides  of  lead  with  this  number  but  the 
two  suppositions  just  made,  one  or  other  of  them  therefore 
must  be  admitted. 

4.  Ail  the  oxides  of  lead  are  very  easily  converted  into  CopelU- 
glass :  and  in  that  state  they  oxidize  and  combine  with  ^^' 
almost  all  the  other  metals  except  gold,  platinum,  silvery 

and  the  metals  recently  discovered  in  cinide  platuia.  This 
property  renders  lead  exceedingly  useful  in  separating  gold 
and  silver  from  the  baser  metals  with  which  they  happen  to 
be  contaminated.  The  gold  or  silver  to  be  purified  ia 
melted  along  with  lead,  and  kept  for  some  time  in  that  state  in  a 
flat  cup,  called  a  cupely  made  of  burnt  bones,  and  the  ashes  <^ 
wood.  The .  lead  is  gradually  vitrified,  and  sinks  into  the 
cupel,  carrying  along  with  it  all  the  metals  which  were 
mixed  with  the  silver  and  gold,  and  leaving  these  metals  in 
the  cupel  in  a  state  of  purity.  This  process  it  called  cupeUo' 
turn. 

5.  Lead  when  first  extracted  from  its  ore  always  contains  Refining 
a  certain  portion  of  silver,  variable,  according  to  the  ore,  ****** 
firom  a  few  grains  to  20  ounces  or  more  in  the  fodder. 
When  the  silver  contained  in  lead  is  sufficient  to  repay  the 
expense,  it  is  usual  to  separate  it ;  and  the  process  is  known 

by  the  name  of  refining  the  lead.  The  lead  is  placed  gradu* 
ally  upon  a  very  large  flat  dish  called  a  test^  made  by  heat- 
ing a  mixture  of  burnt  bones  and  fern  ashes  into  an  iron 
hoop,  and  scooping  out  the  surface  to  a  certain  depth. 
Being  acted  upon  by  the  flame  of  the  furnace,  it  gradually 
assumes  a  kind  of  a  vitriform  state,  and  is  blown  off  the 
test,  or  sinks  into  it,  while  the  silver  remains  unaltered. 
The  lead  by  this  process  is  converted  into  the  substance 
called  litharge.  As  it  is  thrown  off  in  a  melted  state,  the  Litharge 
litharge  at  first  coheres  in  masses,  but  it  gradually  falls  >; 
down  by  exposure  to  the  air,  and  then  consists  of  fine 
scales,  partly  red  and  partly  of  a  gc^en-yellow.  It  con- 
sists of  yellow  oxide  of  lead  combined  with  a  certain  porr 
tion  of  carbonic  acid.* 


*  Somte  improTementt  in  the  method  of  separating  silfer  from  lead  hf 
cvpeUation  may  be  seen  io  a  disseitaUon  by  Dubamel,  poblisbed  in  tb# 
Sd  Vol.  of  the  Memoires  de  Tlnstilute,  p.  406.  They  had  been  pre- 
viously practised  in  this  couDtry. 
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ISi  SIMPLE  00XBUSTIBLB8. 

Bode  I.       IIL  Wlien  lead  is  introdaced  into  chlorine  gas  it  does 
^-       J  not  bitrai  but  it  absorbs  the  gas,  and  is  converted  into 
^yjf^^    eUoftd^flifAaiL    This  substance  is  easUy  obtained  b J 

a  aoltttion  of  nitrate  of  lead  with  a  solution  of  common  salt. 
A  precipitate  fiiUs,  consisting  of  small,  whiter  silky  aystals. 
"•  y^en  these  crystals  are  heated  they  melt,  and  are  con- 

▼erted  into  pure  chloride  of  lead.  This  compound  was 
fi»rmerly  distinguished  by  the  name  o£  plufiJmm  oomeum, 
6r  horn  lead.  It  is  a  semitransparent  greyish-idiite  massi 
liaving  some  resemblance  to  horn  in  appearance.  Whm 
heated  in  the  open  air  it  partly  evaporates  in  a  idiite  smdce; 
but  niien  the  access  of  air  is  excluded,  it  remains  fixed  at  a 
red  heat  According  to  the  analysis  of  Dr.  John  Davy,* 
it  is  composed  of 

Chlorine...  25*78 100      ......    4*5 

Lead 74<*22......  887*88 12*955 


10000 


From  this  analysis  (which  is  very  nearly  accurate)  it  is 
obvious  that  the  chloride  of  lead  is  a  compound  of  1  atom 
chlorine  and  1  atom  lead. 
Iodide.  IV.  Lead  combines  readily  with  iodine  when  the  two 

substances  are  heated  together.  The  iodide  of  lead  h^a  a 
fine  yellow  colour.  It  is  precipitated  whenever  a  hydriodate 
is  dropped  into  a  solution  containing  lead.  It  is  insoluble 
in  water.  It  has  not  been  analysed ;  but  there  can  be  no 
doubt  that  it  is  a  compound  of  I  atom  iodine  +  1  atom  lead. 
Of  course  it  must  be  composed  of 

Iodine..  15*625 
Lead   ..  13* 

^  V.  We  are  ignorant  of  the  action  of  fluorine  upon  lead. 
Lead  does  not  combine  with  azote,  hydrogen,  or  carbon. 
No  combination  of  it  with  boron,  or  silicon,  is  known, 
fhoiplm.  VL  Phosphuret  of  lead  may  be  formed  by  mixing  toge- 
ther equal  parts  of  filings  of  lead  and  phosphoric  glass,  and 
then  fusing  them  in  a  crucible.  It  may  be  cut  with  a  knife, 
but  separates  into  plates  when  hammered.  It  is  of  a  silver- 
white  colour  with  a  shade  of  blue,  but  it  soon  tarnishes 
when  exposed  to  the  air.  This  phosphuret  may  also  be 
^  formed  by  dropping  phosphorus  into  melted  loul.    It  is 

•  Pbil.  Trans.  181S,  p.  185. 


vet 


LEA1>.  4W 

composed  of  about  13  parts  of  phosphorus. and  88  of  lead.*  Chap.  iii. 
If  we  suppose  it  a  compound  of  1  atom  lead  ^  I  atom  ^*v"^ 
phosphorus,  it  would  consist  of  88  lead  +  \X)  j^iosphorusy 
which  agrees  sufficiently  well  with  Pelletier's  analysis. 

VI  I.  Sulphuret  of  lead  may  be  formed,  either  by  strati*  Sulphurct. 
fying  its  two  component  parts  and  melting  i)iem  in  a  cruci- 
ble^ or  by  dropping  sulphur  at  intervals  on  melted  lead« 
The  suphuret  of  lead  is  brittle,  brilliant,  of  a  deep  blue- 
grey  colour,  and  much  less  fusible  than  lead.  These  two 
substances  are  often  found  naturally  combined ;  the  com- 
pound is  then  called  galena,  and  is  usually  crystallized  in 
cubes.  The  specific  gravity  varies  somewhat  but  is  not 
much  below  7. 

Lead  appears  capable  of  uniting  with  two  di£ferent  pro- 
portions of  sulphur.  With  the  minimum  it  forms  sulphuret 
of  lead,  which  is  the  common  galena  of  mineralogists. 
There  can  be  no  doubt,  from  the  experiments  of  Berzelius 
and  others,  that  it  is  a  compound  of  1  atom  lead  4-  1  atom 
sulphur,  or  by  weight  of 

Lead IS 100 

Sulphur....     2 15*384 

Besides  this  common  sulphuret  of  lead  there  occurs  Bisulpho^ 
another  occasionally,  lighter  in  colour,  and  more  brilliant,  ^' 
which  bums  in  the  flame  of  a  candle,  or  when  put  upon 
burning  coals,  emiting  a  blue  flame.  It  contains,  at  leasts 
25  per  cent,  or  ^th  of  its  weight  of  sulphur.  It  is,  there- 
fore, a  bisulpkuret  of  lead.  'Iliis  variety  has  not  hitherto 
been  noticed  by  mineralogists,  neither  has  it  been  made^ 
artificially  by  chemists. 

VIIL  Lead  and  arsenic  may  be  combined  by  fusion.  AHoyi  with 
The  alloy  is' brittle,  dark-coloured,  and  composed  of  plates.  *''^*c» 
Lead  takes  up  ^th  of  its  weight  of  arsenicf 

IX.  Lead  may  be  easily  alloyed  with  potassium.  The  Pbta«ium, 
two  metals  unite  when  the  heat  is  raised  sufficiendy  high  to 
fuse  the  lead.  The  alloy  is  very  fiisible  and  brittle.  Its 
texture  is  fine  granular.  When  exposed  to  the  air  it  is 
speedily  destroyed.  It  effervesces  in  water.  The  potas- 
sium is  converted  into  potash,  and  the  lead  remains  un^ 
altered4 

*  Pelletier,  Ann.  de  Chim.  xiii.  114.  f  Bergman. 

§  Gay-LuMac  and  Thenard;  Recherches  Physieo-chinuque»|  i.  SI 8% 
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The  alloy  of  lead  and  sodium  may  be  finSMd  ki  the  sune 
"manner.  This  alloy  has  some  ductility.  It  nfinegr^ 
nular,  and  has  a  bluish-grey  colour,  and  is  oearfy  u  fbiible 
as  lead.  When  ex|)osed  to  the  air,  or  placed  imder  water, 
the  sodium  is  speedily  couviTted  into  aod^  atMl  the  lead 
separates  imaltered.* 

X.  We  do  not  know  the  alloys  which  lead  ftmu  with 
the  metallic  bases  of  th«  .ilkaline  earths  and  eST^  proper. 

XT.  Tlic  older  chemists  affirm,  that  iron  is  aot  taken  yf 
hf  mdited  lead  at  any  taoperature  whatever,  twt  dkat  it 
ooQttistly  swims  iqioB  the  surboe.  Mosdienbroedc,  bow^ 
ever,  looceeded  in  onith^  by  fbsioii  400  parts  of  iron  unth 
134  parti  of  lead,  and  formed  a  hard  alloy,  whoae  tenadty 
was  not  4-  of  that  of  pore  iron.  The  qiedflc  gtsvi^  <tf  an 
alloy  erf*  ten  iron  and  one  lead,  aoooiding  to  bim«  is  4'MO.f 
The  eqwrimenta  of  Gaykm  Morvtaa  hare  prorec^  tlMt 
iriMO  tlw  two  metals  are  mehed  together,  two  ^tinct  aUfiys 
■rt  formed.  At  the  bottom  k  foasd  s  battod  aflead  «»• 
taining  a  little  iron ;  above  is  the  iroa  Combined  vHh  a  arnaU 
portion  of  lead-J 

XII.  Lead  cnmot  readily  be  combined  witb  nickd  by 
fusion. 

XIII.  It  was  supposed  formeriy  that  cobalt  does  not 
combine  with  lead  by  fusion ;  for  upoo  melting  equal  parts 
of  lead  and  cobalt  together,  both  raetals  are  found  ^eparate^ 
the  lead  at  (he  bottom  and  the  cobalt  above.  Indeed,  when 
diifl  cobalt  is  melted  with  iron,  it  appears  that  it  had  com- 
bined with  a  litde  lead ;  for  the  iron  combines  with  the 
cobalt,  and  the  lead  is  separated.^  But  timelin  has  shown 
that  the  alloy  ifiay  be  formed.  He  put  cobalt  in  powder 
within  plates  of  lead,  and  covered  them  with  charcoal  to 
occlude  the  air.  He  then  applied  heat  to  the  cruciblefl  con- 
taining tlie  mixtures.  Equal  parts  of  lead  and  cobalt,  pro- 
duced an  alloy,  in  which  the  metali  appeared  pretty  uni-> 
formly  distributed,  though  in  some  cases  the  lead  predomi- 
nated. It  waa  brittle,  received  a  better  polish  than  lead, 
which  metal  it  resembled  rather  than  cobalt;  its  specific 
gravity  was  8*12.    Twopertsof  lead  and  c«ie  of  cobalt  pro- 

*  Gev-Lustac  and  Theoard;  Rechercbes  Phjiico-chimiqaet,  i.Ml. 
t  Wniswfaerg,  i.  S13.  {  Aoa.  de  Chun.  Irii.  47. 

(  Oellwt,  p.  137. 
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duced  an  uniform  mixture,  more  like  cobalt  than  lead,  very  chtp.  IIU 
little  malleable,  and  softer  than  the  last.  Its  specific  gravi^  v.-^^-— ^ 
was  8*28.  Four  parts  of  lead  and  one  of  cobalt  formed  an 
alloy  still  brittle,  and  having  the  fracture  of  cobalt,  but  the 
polish  of  lead*  It  was  harder  than  lead.  Six  parts  of  lead 
and  one  of  cobalt  formed  an  alloy  more  malleable,  and 
harder  than  lead.  Its  specific  gravity  was  9*65.  Eight 
parts  of  lead  and  one  of  cobalt  was  still  harder  than  lead^ 
and  it  received  a  better  polish.  It  was  as  malleable  as  lead* 
Its  specific  gravity  was  9'78.* 

XIV.  We  do  not  know  the  alloys  which  lead  forms  with 
manganese,  cerium,  and  uranium. 

XV.  The  alloy  of  lead  and  zinc  has  been  examined  by  Zinc 
Wallerius,  Gellert,  Muschenbroek,  and  Gmelin.  This 
last  chemist  succeeded  in  forming  the  alloy  by  fiision.  He 
put  some  suet  into  the  mixture,  and  covered  the  crucible,  in 
order  to  prevent  the  evaporation  of  the  zinc.  When  the 
zinc  exceeded  the  lead  very  much,  the  alloy  was  malleable, 
and  much  harder  than  lead.  A  mixture  of  two  parts  of 
zinc  and  one  of  lead  formed  an  alloy  more  ductile  and 
harder  than  the  last.  A  mixture  of  equal  parts  of  zinc  and 
lead  formed  an  alloy  differing  little  in  ductility  and  colour 
from  lead;  but  it  was  harder,  and  more  susceptible  of 
polish,  and  much  more  sonorous.  When  the  mixture  con^ 
tained  a  smaller  quantity  of  zinc,  it  still  approached  nearer 
the  ductility  and  colour  of  lead,  but  it  continued  harder, 
more  sonorous,  and  susceptible  of  polish,  till  the  propor- 
tions approached  to  1  of  zinc  and  16  of  lead,  when  the 
alloy  differed  from  the  last  metal  only  in  being  somewhat 
harder.f 

XVI.  The  alloy  of  bismuth  and  lead  is  brittle;  its  colour  Bismmli. 
is  nearly  that  of  bismuth ;    its  texture  lamellar ;  and  its 
specific    gravity  greater  than  the  mean.     According  to 
Muschenbroeck,  the  specific  gravity  of  an  alloy  of  equal 

parts  bismuth  and  silver  is  1 0*7097. t 

•  Ann.  de  Chim.  xix.  357.        t  Il^id.  ix.  05. 
X  Wasserberg,  i.  160. 
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TiR  WM  known  to  the  anciento  in  the  most  remote  ageft 
The  Phoenidans  procured  it  from  Spain  *  and  fiom  Britain, 
«nth  which  nadom  th^  carried  on  a  veiy  luciatire  com- 
)nerc&  At  how  eariy  a  period  diey  imported  this  metal  we 
may  eaaily  oonceive*  if  we  recollect  that  it  was  in  eonunon 
nae  in  the  time  of  MoK«.t 

I.  This  metal  has  a  Bne  white  colour  like  silver;  and 
when  fresh,  its  briiliancy  is  very  great.  It  has  a  slightly 
disagreeable  taste,  and  emits  a  peculiar  smell  when  rubbed. 

S.  It*  tiardness  is  between  that  of  gold  and  lead.  Its  spe- 
cific gravi^  u  7*29 1 ;  after  faammeriDg,  7'2994 

3.  It  is  very  malleable:  tin  leaf,  or  tinfoil  as  it  is  called, 
it  about  ifl'flj  part  of  an  inch  thick,  and  it  might  be  beat  out 
into  leavea  as  thin  again  if  such  were  wanted  for  the  pur- 
poses of  art.  .  Its  ductility  and  tenacity  arc  much  inferior  to 
thtf  of mostofthemetalsknon-n to  thcancicnts.  A  tin  wire 
0*078  inch  in  diameter  is  capable  of  su))pDrting  a  weight 
erf  S+i7  pounds  only  without  breaking.§  Tin  is  very  flexi- 
ble, and  produces  a  remarkable  crackling  noise  when 
bended. 

4.  When  heated  to  the  temperature  of  442° ||  it  melts; 
but  a  very  violent  heat  is  necessary  to  cause  it  to  evaporate. 
When  cooled  slowly,  it  may  be  obtained'crystallized  in  the 
ibrm  of  a  rhomboidal  prism.** 

II.  When  exposed  to  the  air  it  very  soon  loses  its  lustre, 
and  assumes  a  greyish-black  colour,  but  undergoes  no  &r- 
ther  change ;  neither  is  it  sensibly  altered  by  being  k^t 
under  cold  water ;  but  when  the  steam  of  water  is  made  to 
pass  over  red  hot  tin,  it  is  decomposed,  the  tin  is  oxidated, 
and  hydrogen  gas  is  evolved.tt 

When  tin  is  melted  in  an  open  vessel,  its  surfiice  becomes 

*  Pliny,  lib.  iv.  cap.  34,  and  lib.  uxiv.  cap.  47. 
f  Numbers  xxxi.  S3.  %  BnMon. 

§  Morreau,  Ann.  de  Chim.  lixi.  993. 
II  CrichtoD,  Phil.  M»g.  XV.  UT. 
•*  PBJot,  Jour  de  Pliyji.  xxxviii.  52. 

ft  Bouillon  LaGnu^,  Ann.  de  Cfaim.  fxu.  SOS.  Gtiy-ltiuM, 
Ibid.  Ixu.  ITO. 
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Very  Boon  covered  with  a  grey  powder,  which  is  an  oxide  Chap.  m. 
of  the  metal.     If  the  heat  be  continued,  the  colour  of  the  ^""v^"^ 
powder  gradually  changes,  and  at  last  it  becomes  yellow. 
When  tin  is  heated  very  violently  in  an  open  vessel,  it 
takes  fire,  and  is  converted  into  a  white  oxide,  which  may 
be  obtained  in  crystals. 

The  first  correct  experiments  on  the  oxides  of  tin  were 
made  by  Proust*  The  subject  was  aflerwards  investigated 
by  Dr.  John  Davy,t  Berzelius,:]:  and  Gay-Lussac.§  It 
forms  two  oxides.  The  protoxide  has  a  grey  or  black  colour ; 
but  when  combined  with  water  is  white.  The  protoxide  is 
yellotVf  and  in  certain  circumstances  transparent^  and  nearly 
tvkite. 

I.  The  grey  oxide  is  formed  when  tin  is  exposed  to  a  Grey  oxide. 
moderate  heat  for  some  time;  but  in  that  case  it  is  never 
pure.  It  may,  however,  be  obtained  in  a  state  of  purity  by 
the  following  method :  Dissolve  tin  in  muriatic  acid,  either 
by  means  of  heat,  or  by  adding  a  little  nitric  acic  occasion- 
AUy.  When  the  solution  is  completed,  add  to  it  an  excess 
of  potash;  a  white  powder  falls,  but  is  partly  taken  up 
again.  But  the  remainder,  on  standing,  assumes  a  dark- 
grey  colour,  and  even  a  metallic  lustre ;  this  remainder  is 
pure  grey  oxide  of  tin.||  The  white  powder,  first  precipi- 
tated, is  the  hydrate  of  the  jprotoxide.  When  heated,  it 
gives  out  its  water,  and  becomes  dark-grey,  or  nearly  black. 
This  protoxide  is  a  tasteless  powder,  soluble  in  both  acids 
and  alkldies.  When  heated  it  takes  fire,  and  burns  like 
tinder,  arid  is  converted  into  peroxide.  When  in  a  state 
of  solution,  it  absorbs  oxygen  with  avidity,  and  is  converted 
into  peroxide.  The  following  table  exhibits  the  compositicm 
of  this  oxide,  according  to  the  most  accurate  experiments 
hitherto  made: 

Tin.       Oxygen. 
Gay-Lussac.   100  +  13*5 
John  Davy  ..  100       13*55 
Berzelius.. ..  100       IS-S 

These    experiments   ahnost    coincide*      Supposing  the 

•  Ann.  de  Chim.  xxriii.  818.  f  Phil  Trans.  1812,  p.  194. 

J  Nicbolsou't  Journal,  x»v.  1««.  §  Ann.  de  Chim.  Ixxx.  170. 

II  See  Proust,  ubi  tupra,  and  Bertholiet,  junior,  Stotique  Chiraique, 
ii.  457. 
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Book  I.  proCoaddeoftin  tobeaeompoundof  1  atomtm  +  1  alom 
PW«<»'^'  oxygen ;  it  Mows  that  an  atom  of  tin  weighs  7*375.  For 
^"^^*"^  on  t£at  supposition  we  liaT0  protoxide  of  tin  oompoBed  of 

Tin 7'S75. 100 

Oxygen.  .1  1        18*55 

which  is  the  mean  of  the  {Nreceding  experiments. 
ftmu^  .  3^  The  paroxide  may  be  obtained  by  heatmg  tin  in 
ooncentrated  nitric  acid.  A  violent  eflferrescence  amies^ 
and  the  whole  of  the  tin  is  converted  into  a  while  powder^ 
which  is  deposited  at  the  bottom  of  the  vessd.  Whea 
heated  so  as  to  drive  off  all  the  add  and  water,  it  nsmrms  a 
yellow  colour.  When  tin  filings  and  red  oxide  of  mercary 
are  heated  together,  the  peroxide  of  tin  is  obtained  of  a 
white  colour ;  but  in  every  other  respect  it  poosesses  the 
properties  of  common  peroxide  of  tin.* 

This  ooude  does  not  dissolve  in  muriatic  acid,  but  it 
forms  a  combination  with  it  which  is  soluble  in  water.  In 
the  same  way  when  digested  with  potash  it  combines  with 
that  alkali,  and  the  compound  dissolves  in  water.  When 
this  solution  is  evaporated  it  leaves  a  yellow  jdly,  again 
solutde  in  water.  It  appears  also  to  combine  with  milplmric 
acid  though  the  compound  does  not  dissolve  in  water, 
.  because  that  liquid  unites  in  preference  with  the  acid. 
When  tliis  oxide  is  exposed  to  a  red  heat  it  is  no  longer 
dissolved  by  acids  or  water.  The  same  property  is  observ- 
able in  most  metallic  oxides.  Hius  the  peroxide  of  tin  is 
capable  both  of  acting  the  part  of  an  acid  and  of  a  salifiable 
base.  But  the  union  which  it  forms  both  with  adds  and 
bases  is  very  weak,  since  heat  alone  is  suffident  to  separate 
it  again.  The  following  table  exhibits  the  composition  of 
the  peroxide  of  tin  according  to  the  most  accurate  experi- 
ments hitherto  made : 

Tin. 

Berzelius  100  +  27*2 

Gay-Lussac  100  +  27*2 

Klaproth  100  +  27-64 

John  Davy  100  +  27*64 

These  experiments  very  nearly  coindde,  though  not  qdte 
so  nearly  as  those  on  Uie  protoxide.    There  cannot  be  s 

*  Benelius;  Nicholson's  Joumal,  xxx?.  ISO. 
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doubt  from  them  that  the  peroxide  of  tin  oontaint  twice  as  Chup*  IH* 
much  oxygen  as  the  protoxide,  or  that  it  is  a  compound  of  ^  '  ▼  '^ 
1  atom  tin  -h  2  atoms  oxygen*    Hence  it  contains 

Tin    7-875   100 

Oxygen   2  27*1 

Numbers  which  almost  agree  with  the  analyses  of  Bene- 
lius  and  Gay-Lussac. 

3.  Both  Proust  and  Berzelius  have  endeavoured  to  prove 
the  existence  of  a  third  oxide  of  tin.  The  opinion  of  Proust 
has  been  refuted  by  the  experiments  of  Dt.  John  Davy* 
Berzelitts*  evidences  are  quite  unsatisfirctory.  He  conceives 
that  an  intermediate  oxide  exists  in  the  Liquor  of  LibaviuSf 
yet  when  he  separated  this  oxide  he  found  it  possessed  of 
precisely  the  same  properties  as  the  peroxide.* 

III.  Dr.  John  Davy  has  shown  that  tin  combines  with 
two  proportions  of  chlorine,  and  forms  2  chlorides^  which  be 
has  examined  and  analysed. 

1.  Protochkiride  of  tin  may  be  formed  by  heating  toge^  Protochlo- 
ther  an  amalgam  of  tin  and  calomel,  or  by  evaporating  to  '*^^* 
dryness  the  protomuriate  of  tin  and  fusing  the  residue  in  a 

close  vessel.  It  has  a  grey  colour,  a  resinous  lustre  add 
fracture,  and  takes  fire  when  heated  in  chlorine  gas,  and  is 
converted  into  perchloride  of  tin.  In  close  vessels  it  may 
be  fused  at  a  heat  rather  below  redness  without  decomposi- 
tion ;  but  when  strongly  heated  it  seems  to  be  pardally 
decomposed.  Water  converts  it  into  mutiate  of  tin.  It  n 
composed,  according  to  Dr.  John  Davy's  experiments,  of 

Tin  100 

Chlorine   60-7lt 

2.  The  perchloride  of  tin  has  been  long  known  under  the  Perchl»- 
name  of  fuming  liquor  of  lAbatius,  because  it  was  discovered  '^' 
by  Libavius,  a  chemist  of  the  16th  osntury.     It  is  usually 
prepared  by  mixing  together  an  amalgam  of  tin  and  corro- 
sive sublimate^  and  distilling  with  a  very  moderate  heat 

The  proportions  that  answer  best  according  to  Suize^  are  6 
parts  of  tin,  1  part  of  mercury,  and  W  parts  of  corrosive 
sublimate.^  The  distillation  is  to  be  conducted  with  a 
very  moderate  heat.    At  first  a  colourless  liquid  passes  into 

•  See  Nidiolson't  Joamal,  xiiv.  134.         f  Pl^l-  Tcans.  181S,  177. 
}  Gehlen's  JounMly  iv^48a« 
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Boejk  L  tiie  reoeirer^  eonsisdng  chiefly  of  water:  thai  the  fiiiiiiiii^ 
y*^^^^;  liquor  nuhes  all  at  ooce  into  the  receiver  in  the  state  of  a 
white  vapoor.  John  Davy  found  that  the  perchloride  of  tin 
may  be  prepared,  likewisei  by  mixing  a  concentrated  per« 
muriate  of  tin  with  sulphuric  acid,  and  distilling  with  a 
gentle  heat  It  is  formed,  likewise,  when  tin  is  introduced 
into  chlorine  gas.  The  metal  catdies  fire  and  perchloride 
sublimes. 

Fdming  liquor  of  Libavius  is  a  colourless  liquid  like 
water  and  very  fluid.  When  exposed  to  the  air  it  smokes 
with  great  vioknce^  owing,  as  Adet  first  showed  to  its  avi- 
dity for  moisture.  When  1  part  of  water  and  S  \mitM  of 
finning  muriate  are  mixed  together,  the  mixture  oondooses 
into  a  solid  mass.  Hence  the  reason  that  crystals  appcBi 
on  the  surface  of  this  liquor,  when  kept  in  a  phial,  with  a 
common  cork  stopper.  It  gradually  imbibes  moisture  fix>m 
die  air  and  crystallizes  in  consequence.  These  crystals  fidl 
to  the  bottom  of  the  liquor  and  remain  unaltered.  Dr. 
Davy  found  that  this  liquor  acts  with  great  violence  on  oil 
of  turpentine.  In  one  case^  indeed,  it  set  the  oil  on  fire. 
According  to  Us  experimentspcrdiloride  of  tii^  is  composed 

of 

Tin  100 

Chlorine   140-44* 

If  we  suppose  the  chloride  of  tin  to  be  a  compound  of  I 
atom  metal  +  1  atom  chlorine,  and  the  bichloride  a  com- 
pound of  1  atom  metal  +  2  atoms  chlorine,  as  must 
undoubtedly  be  the  cas^  their  composition  will  be  as 
follows : 

Chloride. 

Tin  100 

Chlorine  Gl-Ol 

Bichloride. 

Tin  100 

Chlorine 122*02 

The  diloride  agrees  very  well  with  the  analysis  of  John 
Davy,  but  the  bichloride  not  so  well.  The  diflerence  if 
probably  owing  to  the  difiiculty  of  obtaining  tlie  bichloride 
in  a  state  of  purity.     It  has  die  property  of  dissolving  tin 

•  Phil  Trans.  1812,  p.  177. 
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and  the  bichloride  which  he  analysed,  might  have  contained  Chap.  iii. 
a  little  of  that  metal  in  solution.  '^■""v— ^ 

IV.  Iodine  combines  readily  with  tin  when  the  melted  lodkk. 
metal  is  brought  in  contact  with  the  vapour  of  this  supporter. 
The  iodide  has  a  dirty  orange  colour,  and  is  very  fusible. 
Water  decomposes  it  completely,  converting  it  into  hydrio* 

die  acid  and  oxide  of  tin.  When  tin  and  iodine  are  heated 
together  under  water,  they  act  upon  each  other,  aiid  are 
converted  respectively  into  hydriodic  acid  and  oxide  of  tin.* 
This  iodide  has  not  been  analysed,  but  it  is  probably  com- 
posed of  1  atom  metal  +  1  atom  iodine,  or  c^ 

Tin        7-375 

Iodine 15*625 

Analogy  would  lead  us  to  suppose  that  2  iodides  of  tin 
exist 

V.  The  action  of  fluorine  on  tin  is  unknown.  Probably 
tin  does  not  combine  with  azote  nor  with  hydrogen.  We 
do  not  know  any  compoimd  which  tin  is  capable  of  forming 
with  carbon,  boron,  or  silicon. 

VI.  Phosphuret  of  tin  may  be  formed  by  melting  in  a  Photphu- 
crucible  equal  parts  of  filings  of  tin  and  phosphoric  glass.  '^* 
Tin  has  a  greater  affinity  for  oxygen  than  phosphorus  has. 

Part  of  the  metal  therefore  combines  with  the  oxygen  of  the 
glass  during  the  fusion,  and  flies  ofi*in  the  state  of  an  oxide, 
and  the  rest  of  the  tin  combines  with  the  phosphorus.  The 
phosphuret  of  tin  may  be  cut  with  a  knife ;  it  extends  under 
the  hammer,  but  separates  in  laminae.  When  newly  cut,  it 
has  the  colour  of  mlver ;  its  filings  resemble  those  of  lead. 
When  these  filings  are  thrown  on  burning  coals,  the  phos- 
phorus takes  fire.  This  phosphuret  may  likewise  be  formed 
by  dropping  phosphorus  gradually  into  melted  tin.  Accord- 
ing to  Pelletier,  to  whose  experiments  we  are  indebted  for 
the  knowledge  of  all  the  phosphurets,  it  is  composed  of 
about  85  parts  of  tin  and  15  of  phosphorus.t  MargraflF 
also  formed  this  phosphuret,  but  he  was  ignorant  of  its 
composition. 

VII.  Tin  combines  with  2  proportions  of  sulphur,  and 
forms  2  sulphurets,  both  of  which  have  been  long  known. 

1.  Sulphuret  of  tin  may  be  formed  by  Rising  tin  and  Protowl- 
•ulphur  together,  reducing  the  compound  formed  to  pow-  P*'"'"* 

*  Gay-Ltusac,  Ann.  de  Chim.  xci.  26. 
t  AoD*  de  Chim.  xiii.  116. 


48S  SIMPLE  GDIIBUSTIBLES. 

Book  I.  der,  miztiig  it  with  sii^hiiry  fbung  it  a  seeond  tini^  ud 
3  k®^'"8  the  tempeititure  sufficiently  hi^  to  yolatiliae  the 
superfluous  sulphur.  It  has  the  colour  of  lead,  the  metallic 
lustre^  and  b  capable  of  crystallizing.  When  dissolved  in 
concentrated  muriatic  acid  itis  totally  oomerted  into  oxide  of 
tin  and  sulphureted  hydrogen  gas.  Its  constituents  aoooid- 
ing  to  the  most  accurate  experiments  hitherto  made,  areas 
follows: 

Tin. 

Bergman*  100  '+  86 

Proostf  100  +  85 

JohnDayy^  100  +  87-3 

Berzeliusf  100  +  87*834 

There  can  be  no  doubt  that  this  sulphuret  is  aoompound 
of  1  atom  tin  -f  1  atom  sulphur,  and  that  it  is  composed  by 
weight  of 

Tin 7-875 100 

Sulphur 8 87*1 

Numbers  which  coincide  very  nearly  with  the  analyses  of 
John  Davy  and  Berzdius. 
Fieiiiiiphii-      8.'  Persttlphuret  of  tin  has  been  long  known  in  die- 
'^  mistry  under  the  name  of  aurum  masaicum  or  mushmmy 

mosaic  gold.  I  do  not  know  whoi  it  was  discovered,  but 
Kunkel  gives  a  formula  for  preparing  it  In  the  year  1 771 
Mr.  Woulfe  rectified  the  old  process  and  proposed  the 
ibUowing  method  of  making  this  substance^  which  is  much 
cheaper  than  the  old  one.  Mix  together  12  parts  tin,  7 
parts  sulphun  3  parts  mercury,  and  3  parts  sal  ammoniac 
Expose  the  mixture  to  a  strong  heat  for  eight  hours  in  a 
black  lead  crucible,  to  the  top  of  which  an  aludel  is  luted. 
The  mosaic  gold  sublimes.  ||  In  the  year  1798  Pelletier 
published  a  set  of  experiments  on  this  compound,  and 
showed  that  it  might  be  prepared  by  heating  together  in  a 
retort  a  mixture  of  equal  parts  of  sulphur  and  oxide  of  tin* 
Sulphurous  acid  and  sulphur  are  disengaged,  and  mosaic 
gold  remains.**  Before  the  appearance  of  this  dissertation 
it  had  been  the  general  opinion  of  chemists  that  mosaic 
gold  is  a  compound  of  tin  and  sulphur.  But  Pelletier 
endeavoured  to  show  that  the  tin  was  in  the  state  of  an 

•  Oposc.  iii.  157.  f  Nicholson's  Journal,  xiv.  41. 

I  Phil.  Trut.  IBIS,  p.  109.  ^  Nicboltoii's  Jouraal,  xzxv.  16S. 

U  PhiL  Trans.  1771,  p.  114.  ••  Ann.  de  Chin.  xiii.  S80. 
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oxide.  Proust  puUished  a  valuable  set  of  experiments  on  Chap.  in. 
it  in  1805  in  his  paper  on  tin.*  According  to  him  it  is  a  ^^^■v*"^ 
cr)iiibination  of  sulphur  and  an  oxide  of  tin^  containing  less 
oxygen  than  the  protoxide  above  described.  This  opinion 
was  rectified  in  181S  by  Dr.  John  Davy,  who  dtmonstrated 
that  this  substance  is  a  compound  of  tin  and  sulphur^f  and 
thus  restored  the  old  chemical  theory.  Berzdius  has  also 
examined  this  compound,  and  has  come  to  a  similar  condu* 
sion.:^  Hence  there  can  be  no  doubt  that  it  is  really  a 
sulphuret  oftin. 

Mosaic  gold  when  pure  is  in  the  form  of  light  scales 
which  readily  adhere  to  other  bodies  and  which  have  the 
colour  of  gold.  When  heated  it  gives  out  a  portion  of  sul- 
phur and  is  converted  into  common  sulphuret  of  tin.  It  is 
insoluble  in  water  and  alcohol  and  is  not  acted  upon  either 
by  muriatic  or  nitric  acids.  But  when  nitromuriatic  acid  is 
boiled  on  it  we  gradually  decompose  and  dissolve  it.  Po- 
tash ley  dissolves  it  when  assisted  by  heat.  The  solution 
has  a  green  colour.  When  an  acid  is  poured  into  the  solu- 
tion a  yellow  powder  is  precipitated,  which  according  to 
Proust  is  a  hydrosulphuret  of  tin.  Mosaic  gold  according 
to  the  analyses  of  John  Davy  and  Berzelius  is  composed  as 
follows : 

Tin. 

John  Davy 100  +  56'25  sulphur* 

Berzelius 100  +  52*3 

If  we  suppose  it  a  compound  of  1  atom  tin  4-  2  atoms  sul- 
phur, its  composition  will  be 

Tin 100      7-375 

Sulphur  . . .  •     54*2   4 

Now  this  is  exactly  the  mean  of  the  two  preceding  analyses. 

3.  Berzelius  believes  in  the  existence  of  another  sulphuret 
of  tin  containing  H  times  the  quantity  of  sulphur  in  the 
protosulphuret  But  1  have  no  doubt  tbiit  the  compound 
described  by  him,  which  I  have  myself  obtained  many 
years  ago  while  engaged  in  prepaijpg  mosaic  gold,  is 
merely  a  mixture  of  protosulphuret  and  persulphuret,  or  in 
other  words  a  persulphuret  partially  decomposed. 

VIII.  Tin  and  arsenic  may  be  alloyed  by  fusion.    The  Alloy*  with 

.  anenic. 

•  NichoboQ't  JoonM),  x\r.  43.  t  J^hil.  Timiis.  1813,  p.  199. 

X  Nicholson's  Journal,  xxxv.  165. 
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Book  I.    alloy  is  whiter  harder,  and  more  sonorous,  than  ixi$  and 

piviwoniL  brittle^  unless  the  proportion  of  arsenic  be  very  smalL  AYi 
alloy,  composed  of  15  parts  of  tin  and  one  of  arsenic,  crys* 
tallizes  in  large,  plates  like  bismuth ;  it  is  more  brittle,  than 
zinc,. and  more  infulsible  than  tin.  The  arsenic  may  be 
separated  by  long  estposure  of  the  alloy  to  heat  in  the  open 
air.* 

rottiuum.  .  IX«  Tin  and  potassium  are  easily  alloyed  by  heating  them 
together.  A  weak  light  is  emitted  at  the  instant  of  combi- 
nation. The  alloy  is  brittle,  not  so  white  as  tin,  and  pretty 
fusible.  It  is  speedily  destroyed  either  in  the  air  or  under 
water  by  the  conversion  of  the  potassium  into  potasb.t 

Sodinm.  During  the  combination  of  sodium  and  tin  no  light  is  ctisf 
engaged.  This  alloy  possesses  similar  properties  as  the 
alloy -of  tin  and  potassium,  but  it  is  less  fusible  than  tin.j: 

X.  We  are  unacquainted  ^th  the  alloys  which  tin  forms 
with  the  Qietallic  bases  of  the  alkaUne  earths  and  earths 
•pix>per« 

Iron.  XI.  Tin.  does  not  combine  readily  with  irou.    An  .alloy, 

however,  may  be  formed,  by  fusing  them  in  a  dose  cmdble, 
completely  covered  from  the  extarnal  air.  We  aire  indebted 
to  Bergman  for  the  most  precise  experiments  on  this  alloy. 
When  the  two  metals  were  fused  together,  he  always  ol>- 
tallied  two  distinct  alloys :  the  first,  composed  of  21  parts 
of  tin  and  1  part  of  iron ;  tlie  second,  of  2  parts  of  iron 
and  1  part  of  tin.  Tlie  first  was  very  malleable,  harder 
than  tin,  and  not  so  brilliant ;  the  second  but  moderately 
malleable,  and  too  hard  to  yield  to  the  knife.  $ 

Tin  plate.  The  formation  of /m  plate  is  a  sufficient  proof  of  the  affi- 
nity between  these  two  metals.  This  very  usefiil  alloy, 
known  in  Scotland  by  the  name  of  white  iron^  is  formed  by 
dipping  into  melted  tin  thin  plates  of  iron,  thoroughly 
cleaned  by  rubbing  them  with  sand,  and  then  steeping  them 
24  hours  in  water  acidulated  by  bran  or  sulphuric  acid. 
The  tin  not  only  covers  the  sur&ce  of  the  iron,  but  pene- 
trates it  completely,  and  gives  the  whole  a  white  colour.  It 
is  usual  to  add  about  -yV^h  of  copper  to  the  tin,  to  prevent 
it  from  forming  too  thick  a  coat  upon  the  iron.|| 

*  Bayen. 

t  Gay-Lonac  and  Thenard  \  Recherches  Physico-chimiques,  i.  2?<X 

t  Ibid.  p.  240.  §  BerjLman^  iii.  47 X. 

D  See  WatsoD^ft  Chem.  Essays,  iv.  191. 
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XIL  The  alloy  of  tin  and  cobalt  is  of  a  light  violet  go-  chap.  ill. 
lour,  and  formed  of  small  grains.  ^^—n^-^ 

XIII.  Tin  and  zinc  may  be  easily  combined  by  fusion.  Zmc 
The  alloy  is  much  harder  than  zinc,  much  stronger  thaa 
tin,  and  still  ductile.   This  alloy,  it  is  said,  is  often  the  prin- 

^cipal  ingredient  in  the  compound  called  pewter. 

XIV.  Bismuth  and  tin  unite  readily.    A  small  portioa  Ksmuth. 
of  bismuth  increases  the  brightness,  hardness,  and  sonorous- 
ness of  tin :  it  often  enters  into  the  composition  of  pewter^ 
though  never  in  Britain.     Equal  parts  of  tin  and  bismuth 

form  an  alloy  that  melts  at  280^ :  eight  parts  of  tin  and  one 
of  bismuth  melt  at  390^:  two  parts  of  tin  and  one  of  bis- 
muth at  3S0®.» 

XV.  When  eight  parts  of  bismuth,  five  of  lead,  and  three 
of  tin,  are  melted  together,  a  white  coloured  alloy  is  ob- 
tained, which  melts  nt  the  temperature  of  212^,  and  there- 
fore remains  melted  under  boiling  water. 

XVI.  Lead  and  tin  may  be  combined  in  any  proportion 
by  fusion.  This  alloy  is  harder,  and  possesses  mudi  more 
tenacity  than  tin.  Muschenbroeck  informs  us  that  these 
qualities  are  a  maximum  when  the  alloy  is  composed  of 
three  parts  of  tin  and  one  of  lead.  The  presence  of  the  tin 
seems  to  prevent  in  a  great  measure  the  noxious  qualities  of 
the  lead  from  becoming  sensible  when  food  is  dressed  in 
vessels  of  this  mixture. 

This  mixture  is  often  employed  to  tin  copper  vessels,  and 
the  noxious  nature  of  lead  having  raised  a  suspicion,  that 
isuch  vessels  when  employed  to  dress  acid  food,  might  prove 
injurious  to  the  health,  Mr.  Proust  was  employed  by  the 
Spanish  government  to  examine  the  subject.  The  result  of 
his  experiments  was,  that  vinegar  and  lemon  juice,  when 
boiled  long  in  such  vessels,  dissolve  a  small  portion  of  tin, 
but  no  lead,  the  presence  of  the  former  metal  uniformly  pre- 
venting the  latter  from  being  acted  on.  The  vessels  of 
course  are  innocentt  The  specific  gravity  of  this  alloy  in- 
creases with  the  lead,  as  might  be  expected.  Hence  the 
proportion  of  the  two  metals  in  such  alloys  may  be  estimated 
nearly  from  the  specific  gravity,  as  will  appear  from  the 
following  table,  drawn  up  by  Dr.  Watson  from  his  owq 
experiments.  I 

*  Dr.  Lewis,  Nenman's  Chem.  p.  111. 

f*  Aon.  de  Chim.  Ivii.  73.  %  Chemical  Essajs,  if.  1^. 
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iPnrlitoiU. 


Fewfer. 


Tio. 

Lad. 

8r.pw. 

0    .... 

..   100    ... 

...  wiio 

100   v... 

..       0   ... 

...    7'170 

SS   .... 

...    TMl 

16   .... 

...    7-4S8 

8   .... 

...    7-560 

5   .... 

...     7-64S 

S   .... 

...     7'940 

2   .... 

. . .     8*160 

1    .... 

. . .     8'817 

What  is  called  in  this  country  ley  pewter  is  often  scarcely 
any  thing  else  than  this  alloy.*  ThfoH^  too^  almost  alwap 
is  a  compound  of  tin  and  laid.  This  alloy,  in  the  preop- 
tion of  two  parts  of  lead  and  one  of  tin,  is  more  soluble  than 
either  of  the  metak  separately.  It  is  accordingly  used  by 
plumbers  as  a  solder. 


SECT.  IV. 

OF  COPPER. 

If  wc  except  gold  and  silver,  copper  seems  to  hare  been 
more  early  knowii  than  any  other  metal.  In  the  first  ages 
of  the  world,  before  the  method  of  working  iron  was  dis- 
covered, copper  was  the  principal  ingredient  in  all  domestic 
utensils  and  instruments  of  war.  Even  during  the  Trojan 
war,  as  we  learn  from  Homer,  the  combatants  had  no  other 
armour  but  what  was  made  of  bronze,  which  is  a  mixture  of 
copper  and  tin.  Tlie  word  copper  is  derived  from  the  island 
of  Cyprus,  where  it  was  first  discovered,  or  at  least  wrought 
to  any  extent,  by  the  Greeks. 
Properties  1 .  This  metal  is  of  a  fine  red  colour,  and  has  a  great  deal 
of  copper,  ^f  brilliancy.  Its  taste  is  stjrptic  and  nauseous;  and  the 
hands,  when  rubbed  for  some  time  on  it,  acquire  a  peculiar 
and  disagreeable  odour. 

•  There  are  three  kinds  oC pewter  in  common  use ;  naxaeiy,  plate,  trifU, 
Bnd  Iftf.  The  plate  pewter  is  used  for  plates  and  dishes;  the  trifls 
chiefly  for  pints  and  quarts ;  and  the  ley  metal  for  wine  measures,  &c. 
'Their  relative  specific  gravities  are  as  follows :  Plate,  7'248;  trifle^ 
7*359;  ley,  7*963.  The  best  pewter  it  said  to  consist  of  100  tin  and 
17  antimooy.    See  WatM»'s  Chemical  Essays  ir.  lar. 
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2.  It  is  harder  than  silver.  Its  specific  gravity  varies  ao-  Chap.  IIL 
cording  to  its  state.  Lewis  found  the  specific  gravi^  of  the  ^'^'''v"*^ 
finest  copper  he  could   procure  8'830.*     Mr.  Hatchett 

found  the  finest  granulated  Swedish  copper  8*895.t  It  is 
probable  that  the  specimens  which  have  been  found  of  in* 
ferior  gravi^  were  not  quite  pure4  Cronstedt  states  tb« 
specific  gravity  of  Japan  copper  at  9*000.$ 

3.  Its  malleability  is  great;  it  may  be  hammered  out  into 
leaves  so  thin  as  to  be  blown  about  by  the  slightest  breeze 
Its*ductility  is  also  considerable.  Its  tenacity  is  such  that 
a  copper  wire  0*078  inch  in  diameter  is  capable  of  support- 
ing 302*26  lbs.  avoirdupois  without  breaking.  || 

4.  When  heated  to  the  temperature  of  27^  Wedgewood» 
or,  according  to  the  calculation  of  Mortimer,**  to  1450^ 
Fahrenheit  it  melts;  and  if  the  heat  be  increased,  it  eva* 
porates  in  visible  iumes.  While  in  fusion  it  appears  on 
the  surface  of  a  bluish  green,  nearly  like  that  of  melted 
gold.tt  When  allowed  to  cool  slowly,  it  assumes  a  crys* 
talline  form.  The  Abb^  Mongez,  to  whom  we  owe  many 
valuable  experiments  on  the  crystallization  of  metals,  ob* 
tained  it  in  quadrangular  pyramids,  often  inserted  into  one 
another. 

11.  Copper  is  not  altered  by  water:  It  is  incapable  ofozides. 
decomposing  it  even  at  a  red  heat,  unless  air  have  firee  ac- 
cess to  it  at  the  same  time;  in  that  case  the  surfiu^e  of  the 
metal  becomes  oxidized.  Every  one  must  have  r^narked^ 
that  when  water  is  kept  in  a  copper  vessel,  a  green  crust  of 
verdigris^  as  it  is  called,  is  formed  on  that  part  of  the  vessel 
which  is  in  contact  with  the  surface  of  the  water. 

*  Neuman*s  Chemistry,  p.  61.  Fahrenheit  bad  found  it  8*854.  PfaiL 
Trans.  17S4,  vol.  ixxni.  p.  114. 

f  On  the  Allojs  of  Gold,  p.  50.  It  would  have  been  heavier  bad  it 
been  hammered  or  rolled.  Bergman  states  the  specific  gravitj  of  Sw^ 
disb  copper  at  9*3843.    Opusc.  ii.  263. 

}  The  following  are  the  results  of  Mr.  Hatchett's  trials : 

Finest  granulated  Swedish  copper,  8*895 

Do  Swedish  dollar  do 8*799 

Do.  sheet  British  do 8785 

Fine  granulated  British  do 8*607 

(  I  have  had  an  opportunity  of  taking  the  specific  gravity  of  Giinese 
copper,  and  fband  it  the  same  as  European.  Hence  I  am  inclined  to 
saspect  that  Cronstedt's  number  is  inaccurate. 

g  Sickengen,  Ann.  de  Chtm.  xxv.  9.  ^  Plttl.  Trans.  lUf .  679. 

p'  Dr.  Lswisi  Nesman's  Cbemistry,  p.  6L 
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-^??**  *•  When  copper  is  exposed  to  tlie  air,  its  surface  is  gradoalljr 
».  ,  ,  J  tarnished ;  it  becomes  brown,  and  is  at  last  covered  with  a 
Oxides.  dark  green  crust.  This  crust  consists  of  oxide  of  copper 
combined  with  carbonic  acid  gas.  At  the  common  tem- 
perature of  the  air,  this  oxidizement  of  copper  goes  on  but 
slowly ;  but  when  a  plate  of  metal  is  heated  red  hot,  it  is 
covered  in  a  few  minutes,  with  a  crust  of  oxide,  which  sepa- 
rates spontaneously  in  small  scales  when  the  plate  is  allowed 
to  cool.  The  copper  plate  contracts  considerably  on  cool- 
ing, but  the  crust  of  oxide  contracts  but  very  little;  it  is 
therefore  broken  to  pieces  and  thrown  off,  when  the  plate 
contracts  under  it.  Any  quantity  of  this  oxide  may  be  ob^ 
tained  by  heating  a  plate  of  copper  and  plunging  it  alter- 
nately in  cold  water.  The  scales  fall  down  to  the  bottom  of 
the  water.  When  copper  is  kept  heated  below  redness,  its 
surface  gradually  assumes  beautifully  variegated  shades  -of 
orange,  yellow,  and  blue.  Thin  plates  of  it  are  used  in  this 
state  to  ornament  children's  toys. 

In  a  violent  heat,  or  when  copper  is  exposed  to  a  stream 
of  oxygen  and  hydrogen  gas,  the  metal  takes  fire  and  burnt 
with  great  brilliancy,  emitting  a  lively  green  light  of  such 
intensity  that  the  eye  can  scarcely  bear  the  glare.  The 
product  is  an  oxide  of  copper. 

There  are  two  oxides  of  copper  at  present  known ;  and  it 
does  not  appear  that  the  metal  is  capable  of  being  exhibited 
in  combination  with  more  than  two  doses  of  oxygen.  The 
protoxide  is  found  native  of  a  red  colour,  but  when  formed 
artificially  it  is  a  fine  orange;  but  the  peroxide  is  blacky 
though  in  combination  it  assumes  various  shades  of  blue^ 
green,  and  brown. 
Protoxide.  1.  The  protoxide  of  copper  was  first  observed  by  Proust; 
but  we  are  indebted  to  Mr.  Chenevix,  who  found  it  native 
in  Cornwall,  for  the  investigation  of  its  properties.  It  may 
be  prepared  by  mixing  together  57*5  parts  of  black  oxide  of 
copper,  and  50  parts  of  copper  reduced  to  a  fine  powder  by 
precipitating  it  from  muriatic  acid  by  an  iron  plate.  This 
mixture  is  to  be  triturated  in  a  mortar,  and  put  with  muri- 
atic acid  into  a  well-stopped  phial.  Heat  is  disengaged, 
and  almost  all  the  copper  is  dissolved.  When  potash  i* 
dropped  into  this  solution,  the  oxide  of  copper  is  precipitated 
orange.  But  the  easiest  process  is  to  dissolve  any  quantity 
of  copper  in  muriatic  acid  by  means  of  heat.  The  green 
liquid  thus  obtained  is  to  be  put  into  a  vial,  together  with 


BOktie  pieces  of  rolled  cc^per,  and  the  whole  is  to  be  corked  Chap.  UL 
up  closely.  The  green  colour  gradually  disappears;  the 
liquid  becomes  dark  brown  and  opaque ;  and  A  number  of 
dirty  white  crystals,  like  grains  of  s«id,  are  gradually  depo- 
sited.  When  this  liquid,  or  the  crystals,  are  thrown  into 
a  solution  of  potash,  the  orange  coloured  oxide  precipitates 
in  abundance.  According  to  the  experiments  of  Chenevix 
this  oxide  is  composed  of  100  copper  +13  oxygen.*  But 
Berzelius  who  examined  it  more  lately  with  scrupulous  ac- 
curacy obtained  as  a  result,t 

Copper 100 

Oxygen 12*5 

If  we  suppose  it  a  compound  of  1  atom  copper  -f  1  atom 
oxygen,  then  an  atom  of  copper  will  weigh  8,  and  protoxide 
of  copper  is  composed  of 

Copper  •••••••  8 

03^g«l 1 

2.  The  peroxide  of  copper  is  easily  procured  pure  from  Vetmade, 
the  scales  which  are  formed  upon  the  surface  of  red  hot 
copper.  These  scales  have  a  ^violet  red  colour,  owing  to 
the  presence  of  a  little  metallic  copper  upon  their  under  suiw 
&ce ;  but  when  kept  for  some  time  red  hot  in  an  open  vesselt 
they  become  black,  and  are  then  pure  peroxide  of  copper. 
The  same  oxide  may  be  obtained  by  dissolving  copper  in 
sulphuric  or  nitric  acid,  precipitating  by  means  of  potash^ 
and  then  heating  the  precipitate  sufficiently  to  drive  off  any 
water  which  it  may  retain.  This  oxide  is  a  tasteless  black 
powder  without  any  lustre.  It  dissolves  in  acids  without 
efiervescence,  and  forms  green  or  blue  coloured  solutions 
according  to  the  acid.  Tliis  oxide  according  to  the  analy- 
ses of  Proust  I  is  composed  of 

Copper.. ....  100 

Oxygen 25 

The  analysis  of  Berzelius  §  agrees  precisely  with  this.  It 
is  obvious  therefore  that  it  is  a  compound  of  1  atom  copper 
and  2  atoms  oxygen,  or  it  consists  of 

Copper 8   100 

Oxygen 2     25 

•  Phil.  Trans.  1Q06,  p.  S!27.  f  Ami.  de  Chim.  Uxriii.  107. 

}  Ann.  de  Chim.  zxzii.  80.  S  Ibi<^*  luviii.  107. 


440  SIMPLE  OOMBVtnBLES. 

BookL       The  oaddcs  of  copper  are  eadly  reduced  to  Uie  metaUic 

y^^'f  state  wheo  heated  along  with  charcoal,  oOi»  or  other  tMy 

^^""^  bodice;  and  e?en  with  some  of  the  metak^  eqpedallj  anc 

III.  When  copper  filings  are  introduced  into  chlorine 

gas  they  take  fire^  a  fixed  ydlowish  substance  u  fbnnedf 

while  a  portion  sublimes  in  the  state  of  a  yeUawsh  brown 

powder.    The  first  of  these  compoimds  is  a  prolodUorMif  £f 
copper;  die  second  a  perckhride. 

Ptotodilo-  !•  The  protochbride  may  be  fiMmed  by  heating  a  mix- 
^^^  ture  oi  two  parts  of  corrosive  siAfimate  and  one  part  ef 
copper.  Boyle  obtained  it  in  this  way  and  published  an  ac- 
count of  it  in  1666  in  his  treatise  on  the  origfta  qfforms  and 
qualities.^  under  the  name  of  rosin  of  copper.  Proust  ob- 
tained it  by  mixing  protomuriate  of  tm  with  a  scdution  of 
copper  in  muriatic  add.  He  procured  a  white  salt  to 
which  he  gave  the  name  of  muriate  of  copper.f  Cheneviit 
found  afterwards  that  this  ssU  is  fanned  when  equal  weights 
of  black  oxide  of  copper,  and  copper  in  powder,  are  mixed 
together  and  then  acted  Open  bj  muriatic  add  in  a  dose 
w»8d4  Proust  obtained  itlikewise  by  distilling  green  mo* 
riate  of  copper.  A  greyish  mass  remained  in  the  retor^  whidi 
was  proiochloride  of  copper.  It  is  dbtained  also  when  a  plate 
of  copper  is  plunged  into  a  bottle  filled  with  green  muriate 
of  copper.  The  green  colour  gradually  disappears  and  small 
white  crystals  ^tre  deposited,  whldi  consist  of  protochloride 
of  copper.  § 

Proiochloride  of  copper  when  pore  has  sn  amber  colour 
and  a  certain  degree  of  translucency.  It  melts  at  a  heat 
just  below  redness.  In  close  vessels  it  is  not  decomposed 
nor  sublimed  by  a  strong  red  heat,  but  in  the  open  air  it  is 
dissipated  in  white  iumes.  It  is  insoluble  in  water.  But 
dissolves  in  nitric  acid  without  eflervescence.  In  muriatic 
acid  it  dissolves  without  effervescence,  and  is  predpitated 
again  unaltered  by  water.  Potash  throws  down  protoxide 
of  copper.  Accoixling  to  the  analysis  of  Dr;  John  I>avy,|! 
it  is  composed  of 

Copper .....  64   «...  100        ....  8 
ChlcHrine . • . .  36   ....     56*25   ....  4'5 

*  Shaw*s  Boyle,  i.  352^  255.  f  Ann.  de  Chim.  xxviii.  218. 

X  Phil.  Trans.  1801,  p.  2S7.  $  Jour  de  Phys.  ii.  181. 

PhU.  Trans.  1812,  p.  170. 


COFFER.  4#7 

Thus  we  see  that  it  is  a  compouxid  of  1  atom  chlorine  +  Cbap.  in. 
1  atom  copper.  ^^-^^—^ 

2.  The  perchloride  of  copper  may  be  obtained  by  erapo-^  ^rehlo- 
rating  the  green  muriate  to  dryness  in  a  temperature  not  "^ 
exceeding  400^.  It  has  a  brownish  yellow  colour  and  is 
pulverulent.  When  exposed  to  the  air  it  absorbs  moisture^ 
and  becomes  first  white  and  then  green.  Heat  decompose! 
it  driving  off  a  portion  of  the  chlorine  and  converting  it 
into  protochloride.  According  to  the  analysis  of  Dr.  John 
Davy*  it  is  composed  of 

Copper ....  47   • .  •  •  100        ....  8 
Chlorine   ..  5S   ....  112-76    9*02 

Thus  we  see  that  the  perchloride  of  copper  is  a  oompomid  of 
1  atom  copper  and  2  atoms  chlorine. 

IV.  Copper  may  be  combined  with  iodine  by  heating  the  Iodide, 
two  substances  together.    Analogy  would  lead  us  to  suppose 

that  two  iodides  of  this  metal  exist.  But  no  experiments 
have  hitherto  been  made  on  the  subject.  The  only  iodide 
known  is  of  a  dark  brown  colour.  It  may  be  obtained  by 
dropping  a  hydriodate  of  potash  into  a  solution  of  copper 
in  an  acid.  This  iodide  is  insoluble  in  water.  It  is  proba- 
bly a  compound  of  1  atom  copper  +  1  atom  iodine,  or  of 

Copper 8 

Iodine   ........  15-625 

V.  We  do  not  know  the  action  of  Jluorine  on  copper. 
Copper  does  not  combine,  so  far  as  is  known,  with  azote^ 
hydrogen,  carbon,  boron,  or  silicon. 

VI.  Mr.  Pelletier  formed  phospkwret  of  copper  by  melting  Photphu* 
together  16  parts  of  copper,  16  parts  of  phosphoric  glass, '^* 
and  1  part  of  charcoal.f    Margraff  was  the  first  person 

who  formed  this  phosphuret.  His  method  was  to  distil 
phosphorus  and  oxide  of  copper  together.  It  is  formed 
most  easily  by  projecting  phosphorus  into  red  hot  copper. 
It  is  of  a  white  colour ;  and,  according  to  Pelletier,  is  com^ 
posed  of  20  parts  of  phosphorus  and  80  of  coppcr4  This 
phosphuret  is  harder  than  iron.  It  is  not  ductile^  and  yet 
cannot  easily  be  pulverised.  Its  specific  gravity  is  7*1220. 
It  crystallizes  in  four  sided  prisms.§     It  is  much  more  fusi- 

♦  Phil.  Tnmf.  1812,  p.  170.        t  Ann.  de  Chim.  i.  74. 

X  Ann.  de  Chim,  ziii.  3.  §  Sage,  Jour,  tie  Pbys.  zxzviii.  458. 


\ 


44S 


8IMFL£  COMBUSTIBLES* 


Bookl.    Ue  than  copper.    Wb«i  exposed  to  the  ur,  it  loses  itw 

DivwonIL  i^^j^  becomes  Uack,  &Ils  to  pieces ;  the  copper  is  oxidated^ 

^"^^'^'^  and  the  phosphorus  converted  into  phosphoric  acid.    When 

heated  sufficiently,  the  phosphorus  bums,  and  leaves  the 

copper  under  the  form  of  black  scorise** 

Sage  has  shown  that  this  compound  does  not  easily  part 
with  the  whole  of  its  phosphorusi  though  frequently  melted, 
but  retains  about  a  twelfth.  In  this  state  it  may  be  consi- 
dered as  a  sub-phosphuret«  It  is  more  iusible  than  copper, 
and  has  the  hardness,  the  grain,  and  the  colour  of  stedi,  and 
admits  of  an  equally  fine  polish.f 
Sidphiiiet.  VI L  When  equal  parts  of  sulphur  atid  copper  are  strati* 
fied  alteirtiately  in  a  crucible^  they  melt  and  combine  at  a 
red  heat»  Sulphuret  of  copper,  Aus  obtained,  is  a  britdc 
mass,  of  a  black  or  very  deqp  bloe^grey  colour,  and  much 
more  fusible  than  copper.  The  same  compound  may  be 
formed  by  mixing  cqsper  filings  and  sulphur  together,  and 
making  them  into  a  paste  with  water,  or  efcn  by  merely 
mixing  them  together  without  any  water,  and  allowing 
them  to  remain  a  suffidoit  time  exposed  to  the  air,  as  I 
have  ascertained  by  experiment 

If  8  parts  by  weight, of  copper  filinjfi^s,  mixed  with  3  partr 
of  flowers  of  sulphur,  be  put  into  a  glass  receiver,  and  placed 
upon  burning  coals,  the  mixture  first  melts,  then  a  kind  of 
explosion  takes  place ;  it  becomes  red  hot ;  and  when  taken 
from  the  fire,  continues  to  glow  for  some  time  like  a  live 
coal.  If  we  now  examine  it,  we  find  it  converted  into  sul^ 
phuret  of  copper.  This  curious  experiment  was  first  made 
by  the  associated  .Dutch  chemists,  Dieman,  Troostwyk, 
Niewland,  Bondt,  and  Laurenburg,  in  17934  They  found 
that  the  combustion  succeeds  best  when  the  substances  are 
mixed  in  the  proportions  mentioned  above;  that  it  suc- 
ceeds equally,  however  pure  and  dry  the  sulphur  and  copper 
be,  and  whatever  air  be  present  in  the  glass  vessel,  whether 
common  air,  or  oxygen  gas,  or  hydrogen,  or  azotic  gas,  or 
even  when  the  receiver  is  filled  with  water  or  mercury.  It 
is  not  easy  to  determine  the  composition  of  this  sulphuret  by 
directly  combining  copper  and  sulphur.  It  would  seem 
that  the  copper  unites  with  a  portion  of  oxygen  as  well  as 


•  Foarcroy,  vi.  252. 

I  Jour,  de  Mio.  N«b.iL  85. 


f  NichoUon*s  Jour.  ix.  868. 


sulphur,  which  makes  the  increase  of  weight  greater  tfaan.it  Chap.  HI. 
ought  to  be.    The  following  are  the  most  accurate  expefi*  ^^  ^ 

meats  hitherto  made  on  this  compound : 

Copper.       Sulphur.        Gopp.       Sulpk. 

Proust  •         78       +22  or    8  +  2*26 

Vauquelint   78'69  +  21-31  8  +  2-166 

Berzeliusjj    10        +    ^'56  8  +  2*048 

We  see  that  the  sulphuret  of  copper  is  a  compound  of 
1   atom  metal  +  1  atom  sulphur.     Berzelius'  experiment    * 
comes  the  nearest  to  the  truth ;  though  the  augmentation 
of  weight  is  about  2^  per  cent,  greater  than  it  ought  to  have 
been. 

VIII.  Copper  maybe  combined  with  arsenic  by  fusing  Alloyi  with 
them  together  in  a  close  crucible,  while  their  surface  ig*"«*"^ 
covered  with  common  salt  to  prevent  the  action  of  the  air, 

which  would  oxidize  the  arsenic.  This  alloy  is  white  and 
brittle,  and  is  used  for  a  variety  of  purposes ;  but  it  is  usual 
to  add  to  it  a  little  tin  or  bismuth.  It  is  known  by  the 
names  of  white  copper  and  white  tombac.  When  the  quan- 
tity of  arsenic  is  small,  the  alloy  is  both  ducule  and  mal- 
leable. § 

IX.  Davy  ascertained  the  fact  that  copper  may  be  alloyed  PotMthun. 
with  potassium  and  sodium,  and  that  the  aHoys  formed 
decompose  water.     But  their  properties  have  not  been  par« 
ticularly  investigated. 

We  are  not  acquainted  with  the  alloys  which  copper 
forms  with  the  metallic  bases  of  the  alkaline  earths  and 
earths  proper. 

X.  Iron  may  be  united  to  copper  by  fiision,  but  notlroa. 
without  considerable  difficulty.    The  alloy  has  been  applied 

to  no  use.  It  is  of  a  grey  colour,  has  but  little  ductility,  and 
is  much  less  fusible  t^an  copper.  Thenard  has  ascertained, 
that  it  is  attracted  by  the  magnet,  even  when  the  iron  con* 
sdtutes  oiily  .f^th  of  the  alloy.  ||  Mr.  Levavasseur  hat 
published  some  observations,  which  render  it  probable  that 
the  variety  of  iron  called  hot  short  iron,  because  it  it  l^rittle 
when  red-hot,    sometimes  owes  its  peculiarides   to    the 

^  Aim.  de  Chim.  xxxviii.  172. 

t  Add.  daMus.  d*Hiftt.  Nat.  xrii.  16. 

I  Ann.  de  Chim.  Ixxviii.  105.  §  Ntuman's  Chcm.  p.  144. 

I  Ann.  de  Chim.  1«  1AX* 

VOL.  I.  8  G 


%gt^  SIMPLE  GOUBUSTIBLES. 

Book  I.   presence  of  copper.    Thigyarietjr  possesieft  a  greater  degree 

DiviiMtt  IL  of  lenadtjr  than  commcti  iron,  and  therefinre  answers  \wtter 
for  some  purposes.  It  may  be  hammered  when  white  bot 
As  soon  as  it  coolsi  so  fiur  as  to  assume  a  brown  colour,  the 
forging  must  be  stopped  till  it  becomes  of  an  obscure  cbenj- 
red,  and  then  it  may  be  continued  till  the  iron  is  qm'tecoid.* 

NkkeL  XI.  With  nickd  copper  forms  a  white  han^  brittle  alloy, 

easily  oxi4ized  when  exposed  to  the  air. 

XII.  Tlie  alby  of  copper  and  cobalt  is  unknown. 

^^■°S«-  XIII.    Manganese  unites  readily  with   copper.     The 

compound,  according  to  Bergman,  is  very  malleable,  its 
colour  is  red,  and  it  sometimes  becomes  green  by  age. 
Groelin  made  a  number  of  experiments  to  see  whether  thb 
alloy  could  be  formed  by  fusing  the  black  oxide  of  manga- 
nese along  with  copper.  He  partly  succeeded,  and  proposed 
to  substitute  this  idloy  instnd  of  the  alloy  of  copper  and 
arsenic,  which  is  used  in  the  arts.t 

XIV.  The  alloys  of  copper  with  cerium  andnranium  are 
unknowiL 

2Siic.  XV.  Zinc  combines  readily  with  copper,  and  forms  aoe 

of  the  most  useful  of  all  the  metallic  alloys.  The  metals 
are  usually  combiiied  together  by  mixing  granulated  cop- 
per, a  native  oxide  of  zinc  called  calamine^  and  a  proper 
proportion  of  charcoal  in  powder.  The  heat  is  kept  up  for 
five  or  six  hours,  and  then  raised  sufficiently  high  to  melt 
the  compound.  It  is  afterwards  poured  into  a  mould  of 
granite  edged  round  with  iron,  and  cast  into  plates.    This 

Brisf.  compound  is  usually  known  in  this  country  by  the  name  of 
brass.  The  metals  are  tapablc  of  uniting  in  various  propor- 
tions, and  according  to  them,  the  colour  and  other  qualities 
of  the  brass  vary  also.  According  to  Dr.  Lewis,  who  made 
a  large  set  of  experiments  on  the  subject,  a  very  small  por- 
tion of  zinc  dilutes  the  colour  of  copper,  and  renders  it 
pale;  when  the  copper  has  imbibed  one-twelfUi  of  its 
weight  the  colour  inclines  to  yellow.  The  yellowness 
increases  with  the  zinc,  till  die  weight  of  that  metal  in  the 
alloy  equals  the  copper.  Beyond  this  point,  if  the  zinc  be 
increased,  the  alloy  becomes  paler  and  paler,  and  at  last 


*  Ami.  de  Chim.  xlii.  laS. 

f  Gottingen  Comment.  ITBT,  vol.  k.  p.  75. 
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white.*  The  propovtion  of  sdnc  imbibed  by  the  copper  Chap.  iii. 
varies  ia  di&rent  manufiictories  according  to  the  process,  ^'"''v^^ 
and  the  purposes  to  which  the  brass  is  to  be  applied  In 
some  of  ike  British  manufactories  the  brass  made  contains 
fd  of  its  weight  of  zinc.  In  Germany  and  Sweden,  at 
least  if  the  statements  of  Swedenburg  be  accurate,  the  pro* 
portion  of  zinc  varies  from  ^th  to  -^th  of  the  copper.t 

It  is  obvious  that  the  most  intimate  and  complete  alloy 
will  consist  of  2  parts  of  copper  by  weight,  and  I^-  part  a£ 
zinc,  which  is  equivalent  to  1  atom  (^each  metaL  This  is 
British  brass.  Dutch  brass^  which  answers  so  much  better 
for  the  purposes  of  watch-makers,  &c.  appears  to  be  a  com- 
pound of  2  atoms  copper  and  1  atom  zinc 

Brass  is  much  more  fiisible  than  copper;  it  is  malleable 
while  cold,  unless  the  portion  of  zinc  be  eiLcessive;  but 
when  heated  it  becomes  brittle.  It  is  ductile  may  be 
drawn  out  into  fine  wire,  and  is  much  tougher  than  copper, 
according  to  the  experiments  of  Muschenbroeck.  Accord- 
ing to  Gellert,  its  specific  gravity  is  greater  than  the  mean. 
It  varies  considerably  according  to  the  proportion  of  zinc. 
Dr.  Watson  found  a  specimen  of  plate  brass  from  Bristol 
8*441  :j:  while  Brisson  makes  common  cast  brass  only 
7*824.  Brass  may  be  readily  turned  upon  the  lathe,  and 
indeed  works  more  kindly  than  any  other  metal. 

When  zinc  in  the  metallic  state  is  melted  with  copper  or  Pinchbeck. 
brass,  the  alloy  is  known  by  the  names  otpinchbeckf  princess 
metaly  Prince  Rupert* s  metalj  ^c  The  proportion  of  zinc 
is  equally  variable  in  this  alloy  as  in  brass ;  sometimes 
amounting  nearfy  to  one  half  of  the  whole^  and  at  other 
times  miich  less.  The  colour  of  pinchbeck  ^proaches 
more  Beady  to  that  of  gold,  but  it  is  brittle,  or  at  least  much 
less  maUeable  than  brass.  Brass  was  known,  and  very  much 
valued,  by  the  ancients.  They  used  an  ore  of  zinc  to  form 
it,  which  they  called  cadmia.  Dr.  Watsop  has  proved  that 
it  was  to  brass  which  they  gave  the  name  of  orichalcum.j 
Their  ises  was  copper,  or  rather  bronze.  || 

*  Neuman's  Cbem.  p.  65.  t  Wasgerbeig,  i.  867. 

t  Chem.  Essays,  iv.  50.        §  MandwBtier  Transactioius  voL  ii.  p.  47. 

H  The  ancients  do  not  seem  to  have  knbwii  accurately  the  difference 
lieiweeo  copper,  brass,  and  bronze.  Hence  the  confusion  obsenrable  in 
their  names.  They  considered  brass  as  only  a  more  vahiahle  kind  of  cop- 
per, and  theieibce  often  used  the  word  ««  indiffierently  to  den^sithec 
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Book  I.        XV  L  Copper  forms  with  bismuth  a  brittle  alloy  of  a 

DMtum  II.  pijje  red  colour,  and  a  q>ecific  gravity  exactly  the  mesnof 

^"■"^^^^  that  of  the  two  metals  alloyed.* 

Utd.  XVIL  Copper  does  not  unite  with  melted  lead  till  tbe 

fire  is  raised  so  high  as  to  make  the  lead  boil  and  smokc^ 
and  of  a  bright  red  heat.  When  piecea  of  copper  are 
thrown  in  at  that  temperature,  they  soon  disappear.  Tbe 
alloy  thus  formed  is  of  a  grey  colour,  brittle  when  coM,  and 
of  a  granular  texture.t  According  to  Kraft,  it  is  rarer  than 
the  mean4  The  union  between  the  two  melals  is  Teiy 
slight.  When  the  alloy  is  exposed  to  a  heat  suflScient  only 
to  melt  the  lead,  almost  the  whole  of  the  lead  runs  ofF,  and 
leaves  the  copper  nearly  pure.§  The  little  lead  that  remains 
may  be  scorified  by  exposing  the  copper  to  a  red  beat  If 
the  lead  that  runs  off  carries  with  it  any  copper,  on  melting 
it  the  copper  swims  on  the  surfiM^  and  may  be  easily 
skimmed  off.  ||  This  alloy  is  said  to  be  employed  sometimes 
for  the  purpose  of  making  printers'  types  for  very  large  cha- 
racters.** 

Tia.  XVIII.  Tin  unites  very  readily  with  copper,  and  forms 

an  alloy  exceedingly  uscfiil  for  a  great  varieQr  of  purposes^ 
Of  this  alloy  cannons  are  made:  bell  metal,  bronze^  and  the 
mirrors  of  telescopes,  are  formed  of  difierent  proportions  of 
the  same  metale.  The  addition  uf  tin  diminishes  the  ducti- 
lity of  copper,  and  increases  its  hardness,  tenacity,  fiisibiU^, 
^d  sonorousness.  The  specific  gravity  of  the  alloy  is 
greater  than  the  mean  density  of  the  two  metals.  It  appears 
from  the  experiments  of  Mr.  Briche,  that  this  augmentation 
of  density  increases  with  the  tin ;  and  that  the  specific  gra- 

It  was  not  till  a  late  period  that  mineralogists  began  to  make  tbe<fistino- 
doa.  They  called  copper  its  cyprium^  and  afterwarda  only  cyprm, 
which  in  process  of  time  was  converted  into  cmprwm.  When  these 
changes  took  place  is  not  known  accurately.  Pliny  uses  cyprium,  lib. 
xxxvi.  cap.  26.  The  word  cuprum  ocean  first  in  Spaitian,  who  lived 
about  the  year  S90.  He  says,  in  his  life  of  Caracalla,  eamdiitx  dtrc 
velcupro.  •  GeUert 

t  Lewis,  Neuman's  Chem.  p.  57.  %  Wuserberg,  i.  9SS. 

§  Lewis,  Neuman's  Chemistry,  p.  57.  This  curious  mode  of  separi- 
tion  is  called  in  Chemistry  eliquation, 

II  Lewis,  N€uman's  Chemistry,  p.  57. 

••  Fourcpoy,  vi.  ^^.  It  has  been  lately  ascertained  by  Mr.  liatchett, 
that  copper  cannot  be  used  to  alloy  gold  unless  it  be  free  fttwi  leid. 
The  smallest  portion  of  this  metal,  though  too  minute  to  a£fect  tbe  cop- 
per itself,  produces  a  sensible  change  on  the  ductility  of  goM. 
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vity,  when  the  alloy  contains  100  parts  of  copper  and  16  of  Ciup.  in. 
tin,  is  a  maximum :  it  is  8*87,  The  specific  gravity  of  equal  ^— ^^^^^ 
parts  of  tin  and  copper  is  8*79,  but  it  ought  only  to  be  8 ; 
consequently  the  density  is  increased  0*79.*  In  order  to 
mix  the  two  metals  exactly,  they  ought  to  be  kept  a  long 
time  in  fusion,  and  constantly  stirred,  otherwise  the  greater 
part  of  the  copper  will  sink  to  the  bottom,  and  the  greater 
part  of  the  tin  rise  to  the  surface;  and  there  will  be 
formed  two  difierent  alloys,  one  composed  of  a  great  pro- 
portion of^copper  combined  with  a  small  quanti^  of  tin,  the 
other  of  a  great  proportion  of  tin  alloyed  with  a  small 
quantity  of  copper. 

Bronze  and  the  metal  of  cannons  are  composed  of  from  8  Gun  metal, 
to  1 2  parts  of  tin  combined  with  100  parts  of  copper.  This 
alloy  is  brittle^  yellow,  heavier  than  copper,  and  has  much 
more  tenacity ;  it  is  much  more  fusible,  and  less  liable  to  be 
altered  by  exposure  to  the  air.  It  was  this  alloy  which  the 
ancients  used  for  sharp-edged  instruments  before  the 
method  of  working  iron  was  brought  to  perfection.  The 
Xfli>^s  of  the  Greeks,  and  perhaps  the  ces  of  the  Romans^ 
was  nothing  else.  Even  their  copper  coins  contain  a  mix- 
ture of  tin.f 

The  term  brass  is  oflen  applied  to  this  alloy,  though,  in 
a  striol  senscj  it  means  a  compound  of  copper  fmd  zinc. 
Brass  guns  are  made  in  no  other  part  of  Bfftain  except 
Woolwich.  The  proportion  of  tin  vi^ries  from  8  to  12  to  ^ 
the  100  of  copper;  the  purest  copper  requiring  the  most, 
and  the  coarsest  the  least.  This  alloy  is  more  sonorous 
than  iron  ;  hence  brass  guns  give  a  much  louder  report  than 
those  made  of  cast  iron.^ 

BeU  metal  is  usually  composed  of  S  parts  of  copper  and  1  ^1  lottsl, 
part  of  tin.  Its  colour  is  greyish  white;  it  is  very  hard, 
sonorous,  and  elastic  The  greater  part  of  the  tin  may  be 
separated  by  melting  the  alloy,  and  then  pouring  a  little 
water  on  it*  The  tin  decomposes  the  water,  is  oxidized,  ^ 
and  thrown  upon  the  sur&ce.  According  to  Swedenbur^g^ 
the  English  bell  metal  is  usually  made  from  the  scoriae  di 
the  brass  gun  foundery,  melted  over  again.§    The  propor* 

*  Jour,  de  Min.  An.  v.  881. 

t  See  Dize*8  Analysis^  Jour,  de  Phjs.  1790. 

}  See  Watfoo's  Chem.  Essays,  iv.  197.  §  W«sicribev|^  i.  46t» 
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Book  I.    tion  of  tin  in  bell  metal  varies.    Less  tin  is  used  for  dmrch 
Pifiiioo II. Y^^  ^^^  ^^1^^  Y^^.   3Qd  in  small  bells,  as  tbo6e  of 

watches,  a  little  zinc  is  added  to  the  alloy.*     According  to 
Oerbert,  the  conch  of  the  East  Indians  is  composed  of  tin 
and  copper,  in  the  same  proportions  as  in  bell  metaLf 
Minor  The  idloy  used  for  the  mirrors  of  telescopes  was  employed 

*  by  the  ancients  for  the  composition  of  Uieir  mirrors.  It 
conttsts  of  about  2  parts  of  copper,  united  to  1  part  of  tin. 
Mr.  Mudge  ascertained  that  the  best  proporticms  were  S2 
copper  to  14*5  of  tin;  a  q)ecimen  of  an  ancient  mirror 
analysed  bjr  Klaproth  was  composed  of 

62  coppti 
82  tin 
8  lead 


copper. 


100 


But  the  lead  he  considers  as  acddentaL^    Tins  aOoy  it 
yeryhafd,  of  thecdour  of  sted,  andadmitsofa&iepolifiik 
Bat  besides  this,  there  are  many  other  oompounds  often 
used  for  the  same  paipo8e.$ 
Tinned  Vessels  of  copper,  especially  when  used  as  Idtcben  uten* 

^,  are  usually  covered  with  a  thin  coat  of  tin  to  prevent  the 
copper  from  oxidating,  and  to  preserve  the  food  wMch  is 
prepared  in  them  from  being  mixed  with  any  of  that  poison- 
ous metaL  These  vessels  are  then  said  to  be  tinned.  Thcxr 
interior  suHkce  is  scraped  very  dean  with  an  iron  instrument^ 
and  rubbed  over  with  sal  ammcmiac.  Tie  Tessel  is  then 
heated,  and  a  little  pitch  thrown  into  it,  and  allowed  to 
spread  on  the  surface.  Then  a  bit  of  tin  is  applied  all  over 
the  hot  copper,  which  instantly  assumes  a  silvery  white- 
ness. The  intention  of  the  previous  steps  of  the  process  is 
to  have  the  surface  of  the  copper  perfectly  pui^and  metallic; 
for  tin  will  not  coinbine  with  the  oxide  of  cctpper.  The  coat 
of  tin,  thus  applied,  is  exceedingly  thin.  Bayen  ascer- 
Caihed,  that  a  pan  tiiue  inches  in  diametor,  and  three  inches 
three  liti^  in  depth,  when  titaned,  only  aoqmred  an  addi- 
tional weight  of  21  grains.    Nor  is  there  any  method  of 

•  Watson's  Essays,  iv.  ISS.  f  Wasserbeig,  L  36t 

X  Phil.  Mag.  xvii.  294. 

i  See  WAsecfflMfg,  i.  362,  and  Watsoa's  Ciienu  E^ssys,  iv.  159. 


making  tlie  coat  Ihidker.    Mote  tin  indeed  may  be  applied,  chap.  iii. 
but  a  moderaite  heat  melts  it,  and  causes  it  to  run  off. 


SECT,  V. 

OF  BISMUTH. 

The  ores  of  this  metal  are  very  few  in  number,  and  Hiitory.* 
occur  chiefly  in  Germany.  This,  in  some  measure,  ao? 
counts  for  the  ignorance  of  the  Greeks  and  Arabians, 
neither  of  whom  appear  to  have  been  acquainted  with  bis* 
muth.  '  The  German  miners,  however,  seem  to  have  dis» 
tinguished  it  at  a  pret^  early  period,  and  to  have  given  i| 
the  name  of  bismuth;  for  Agricola,  in  his  treatise  intitled 
Bemumnus^  written  at  least  as  early  as  1529,  describes  it 
under  that  name  as  well  known  in  Germany,  and  considers 
it  as  a  peculiar  metal.  The  miners  gave  it  also  the  name  of 
tectum  argenti ;  and  appear  to  have  co Aidered  it  as  silvet 
banning  to  form,  and  not  yet  completed.*  Mr.  Pott  col- 
lected in  his  dissertation  on  bismuth  evary  thing  respecting 
it  contained  in  the  writings  of  the  alchymists.  Becchev 
seems  to  have  been  the  first  chemist  who  pointed  out  some 
of  its  most  remarkable  properties.  Pott's  dissertation,  pub* 
lished  in  1739,  contained  an  account  of  its  habitudes  with 
different  chemical  substances.  Several  additional  fiicts  were 
given  by  Neuman  in  his  chemistry,  by  Hellot,  and  Dufay  | 
but  GreofiBroy,  junior,  was  the  first  who  undertodc  a  com* 
plete  series  of  experiments  on  it.  The  first  part  of  his 
labours  was  published  in  the  M^noirs  of  the  French  Aca« 
d^ny  for  1753;  but  his  death  prevented  the  completion  of 
his  plan.  Chemists  for  some  time  were  diqxjsed  to  consider 
bismuth  as  an  alloy,  but  this  qiinion  was  gradually  laid 
aode.  Dr.  John  Davy,  in  181^  published  a  set  of  carefiil 
experiments  on  the  compounds  which  bismuth  finms  with 
oxygen,  chlorine,  and  sulphur.f     In  IS  13,  Mr.  Lager- 

*  KoDig*8  Regnam  Mineraley  p.  80.  £vco  so  late  as  the  end  of  the 
17  th  century  it  was  considered  as  a  qieoies  of  lead.  There  are  three 
kinds  of  lead,  says  Etmnller ;  namely,  common  lead,  tin,  and  bismuth. 
Bismuth  appraac^es  nearest  to  silver.    Btnuller's  Chemistry,  p.  SSI. 

t  Phil.  Trans.  1812,  p.  169. 
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Book  I.   hjdm  pobtUied  a  set  of  experiments  on  its  dombinalioitt  with 
^*  oxygen  and  sulphur.* 

1.  Bismuth  is  of  a  reddish  white  colour,  and  almost 
destitute  both  of  taste  and  smell.  It  is  composed  of  broad 
brilliant  plates  adhering  to  each  other.  Tlie  figure  of  its 
particles,  according  to  Haiiy,  is  an  octahedron,  or  two 
four-sided  pyramids,  applied  base  to  basest 

2.  It  is  rather  softer  than  copper.  Its  qiecific  gravity  is 
9-822.$ 

5.  When  hammered  cautiously,  its  densi^,  as  Muscben- 
broeck  ascertained,  is  considerably  increased.  It  is  not, 
therefore,  very  brittle;  it  breaks,  however,  wh«i  struck 
smartly  by  a  hammer,  and  consequently  is  not  malleabla 
Neither  can  it  be  drawn  out  into  wire.  Its  tenacity,  from 
the  trials  of  MuscbenbroedL,  BpjpeBrs  to  be  such  that  a 
rod  -^th  inch  in  diameter  is  capable  of  sustaining  a  we%ht 
of  nearly  29  lbs. 

4.  When  heated  to  the  temperature  of  47^,§  it  mdts; 
and  if  the  heat  be  much  increased  it  evaporates,  and  may 
be  distilled  over  in  close  vessels.  When  allowed  to  coc^ 
slowly,  and  when  the  liquid  metal  is  withdrawn,  as  soon  tiB 
the  surface  congeals,  it  crystallizes  in  parallelopipeds,  which 
cross  each  other  at  right  angles. 

II.  When  exposed  to  the  air,  it  soon  loses  its  lustre^  but 
scarcely  undergoes  any  other  change.  It  is  not  altered  when 
kept  under  water. 
Combina-  When  kept  melted  in  an  open  vessd,  its  surGeu^  is  soon 
o^^.  covered  with  a  dark-blue  pellicle ;  when  this  is  removed, 
another  succeeds,  till  the  whole  metal  is  oxidized.  When 
these  pellicles  are  kept  hot  and  a^tated  in  an  open  vessel^ 
they  are  soon  converted  into  a  brownish  or  yellowish 
powder. 

When  bismuth  is  raised  to  a  strong  red  heat,  it  takes  fire 
and  bums  with  a  &int-blue  flame,  and  emits  a  yellow  smoke, 
as  was  first  observed  by  Geoffiroy.  When  this  is  collected, 
it  is  a  yellow  powder,  not  volatile,  which  has  been  called 
yellow  oxide  of  bismuth. 

*  Annals  of  Philosophy,  W.  357. 
f  Jour,  de  Min.  An.  ▼.  p.  582. 

}  Brisson  and  Hatchett.    According  to  Benelius  9*8827. 
(  Irvine,  Nicholson's  Jour.  is.  40.    Acoonting  to  Benelius  its  fiisioi 
point  is  461}?. 
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When  bismth  is  cB»olved  in  nitric  acid,  if  water  be  Chap.  iii. 
poured  into  the  solution,  a  white  powder  precipitates,  which  ^""^v*^ 
was  formerly  •  called  magistry  of  bismuth.    This  powder  is  ^^^^^^ 
used  as  a  paint,  under  the  name  ci  pearl  or  flake^white. 
Bucholz  has  demonstrated  that  this  powder  is  a  compound 
of  oxide  of  bismuth  and  nitric  acid. 

The  oxide  of  bismuth  is  a  yellow  powder,  tasteless,  and 
insoluble  in  water.  When  strongly  heated,  it  melts  and 
becomes  darker  coloured.  According  to  Bucholz,  it  may 
be  sublimed  at  a  heat  below  that  which  is  necessary  to  fiise 
it  Various  careful  experiments  have  been  made  to  deter- 
mine the  composition  of  this  oxide.  The  following  table 
exliibits  the  results  obtained : 

Bucholz  and  Klaproth**  •  100  metal  +  12  oxygen 

JohnDavyt 100  ....   +  IMll 

Lagerhjelmt   100  ....   +11-275 

Thomson 100  ....   +11-3 

These  experiments  all  approach  very  near  each  other.  I 
am  disposed  to  consider  Lagerhjelm's  results  as  nearest  the 
truth,  because  he  was  at  the  pains  to  free  the  bismuth  on 
which  he  operated  from  a  small  quantity  of  iron  with  which 
it  is  usually  contaminated.  Let  us  then  consider  100  bis- 
muth as  oxidized  by  uniting  with  1 1  *267  oxygen,  which 
agrees  very  nearly  with  die  determination  of  Lagerfajelra. 
On  that  supposition  the  weight  of  an  atom  of  bismuth  will 
be  8*875.    Its  oxide  will  be  composed  of 

Bismuth  ..  8*875......  100 

Oxygen    ..  1 11*2672 

The  weight  of  an  atom  of  it  will  be  9*875. 

Bismuth  is  sometimes  used  in  the  process  of  cupdktioii 
instead  of  lead.  It  was  first  proposed  for  that  purpose  by 
Dtt&y  in  1727^  and  his  experiments  were  aflerwards  con- 
firmed by  Pott  This  oxide  is  easily  reduced  when  heated 
along  with  charcoal  or  6ther  combustible  bodies ;  for  the 
affinity  between  bismuth  and  oxygen  is  but  weaL 

IIL  Bismuth  takes  fire  when  introduced  into  chlorine  diMnft. 
gas,  and  forms  a  chloride  of  bismuth.    This  compound  has 
heesa  long  known  under  the  name  of  butter  of  bismuth. 

•  Klsproth*s  B^tn^  ii.  S94  \  Bocbola's  Beitnge,  iii  3. 

t  Phil.TiaBS.  181%  p.  901.  X  Aoaab  of  Plukwophy,  iv.  857. 
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Book  I.  It  is  obtmned  by  heiiting  Usmiith  wilh  corroaiTe  taUimate. 
Dififlionii.  Qy  keepiiig  it  in  fiuion  for  an  hour  or  two^  at  a  temperalnre 
^^^^'"'^  below  the  boiling  point  of  mercuiy,  that  metal  graduallj 
subsides)  and  leases  the  diloride  of  bismuth  pure.  The 
chloride  Aus  prepared  has  a  greyish-white  colour,  is 
opaque,  and  of  a  granular  texture,  diough  not  crystallii9ed. 
It  does  not  sublime  when  heated  to  redness  in  a  gbas  tube 
with  a  narrow  orifice.  According  to  the  analysis  of  Dr. 
John  DaTjr,*  to  whom  we  are  indebted  for  the  preceding 
fiicts,  this  chloride  is  a  compound  of 

Cbldrine ....  38*6 4*5 

Bismuth  ....  66*4 8*89 

This  agrees  very  nearly  with  the  weight  of  an  atom  of 
bismuth,  as  deduosd  firom  the  oxide, 
bdide.  IV.  Iodine  readily  combines  with  btsmuth  by  the  assist- 

ance of  heat  The  iodide  has  an  oranffe-yellow  colour ; 
it  is  insoluble  in  water ;  but  may  be  £ssoived  in  a  solution 
of  caustic  potash  wi^ut  occasioning  aily  precipitation. 
This  iodide  has  not  been  analysed^  but  there  can  be  no 
doubt  diat  it  is  a  compound  of 

Iodine. 15-625 

Bismuth  •  • .     8*875 

or  of  an  atom  of  iodine  and  an  atom  of  bismuth. 

V.  We  are  ignorant  of  the  action  of  fluorine  on  bismuth. 
It  does  not  combine  with  azote  nor  with  hydrogen.  No 
compound  of  bismuth  with  carbon,  boron,  or  silicon,  is 
known.  Neither  does  it  seem  capable  of  combining  in  any 
notable  proportion  with  phosphorus.  Mr.  Pelletier  at^ 
tempted  to  produce  the  phosphuret  of  bismuth  by  various 
methods  without  success.  When  he  dropped  phoqihcnrus, 
however,  into  bismuth  in  fusion,  he  obtained  a  substance 
which  did  not  apparently  differ  from  bismuth,  but  which, 
when  exposed  to  the  blowpipe  gave  evident  ngns  of  con* 
taining  pbo8phorus.t  This  substance,  according  to  Pdle- 
tier,  did  not  contain  above  four  parts  in  the  hundred  of 
phosphorus,  and  even  this  small  portion  seems  only  to  have 
been  mechanically  mixed. 
Suiphuret.       VI.  Sulphur  combines  readily  with  bismuth  by  fusion. 

.  *  Phil.  Tnuis.  i8t%  p.  liK).  f  JLiau  da  Chim.  adii.  90. 
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The  sulphuret  of  Ugmnth  is  of  a  Uuish-^grey  colour.  It  Chtp.  in. 
crystaUiEes  in  beantiM  tetrahedral  needlesi  which  croM 
each  other.  It  is  rery  brittle  and  fusible^  and  bean  a 
strong  resemblance  to  sulphuret  of  antimony^  but  is  rather 
brighter  coloured.  One  hundred  parts  of  bismuth,  accord- 
ing to  Wenad's  experiments^  unite  by  fusion  to  17*5  of 
sulfdiur.  According  to  the  experiments  of  Vauquelui,^ 
bismuth  combines  with  sulphur  in  the  following  proportion: 

Bismuth 68*2/; 100 

Sulphur  ....  Sl-76 46-52 

100-00 

According  to  Dr.  John  Davy,t  sulphuret  of  bismuth  is 
composed  of 

Bismuth 67*5   ......  100 

Sulphur 15-08 22-54 

According  to  Lagerhjelm^f  its  constituents  are 

Bismuth  ••..  100 
Sulphur  . .  •  • .  22-52 

We  see  from  these  experiments  that  bismudi  ccmibines 
with  two  proportions  of  sulphur.  The  sulphuret  of  John 
Davy  and  Lt^erhjelm  is  a  compound  of  1  atom  bismudi 
and  1  atom  sulphur.  The  sulphuret  of  Vauquelin  is  t 
bisulphuret,  containing  1  atom  bismuth  and  2  Moms  jgdf 
phur. 


SECT.  VI. 

OF  MERCURY. 

• 

Mercury,  called  abo  QUicxsavER,  was  known  in  thi^ 
remotest  ages,  and  seems  lo  have  been  employed  by  th^ 
ancients  in  gilding  and  in  separating  gold  from  other  bodies 
just  as  it  is  by  the  modems. 

1.  Its  colour  is  white  and  siHiilar  to  that  of  silver ;  hence  Froper^ 
the  names  hydrargyrum^  argentum  vivuMf  qtdeksilverj  by 

*  Ann.  da  Mus.  d'Hiat.  Nut.  x\,  Ol 

t  Phil.  Tnos.  IglS,  p.  SOI.  J  Anask  of  PbikNMi|)l^|  ir.  357. 
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Book  I.    which  it  has  been  known  in  all  ages.     It  has  no  taste  nor 
PifUionll.  ^p^    1^  possesses  a  good  deal  of  brilliancy;  and, when 
^^^^"^"^  its  sur&oe  is  not  tarnished,  makes  a  very  good  mirror. 
2;  Ibi  specific  gravi^  is  13*568.* 

When  in  a  solid  state  its  density  is  increased ;  its  q>ecific 
gravity,  according  to  the  experiments  <^  Schulz,  being 
14*391,t  according  to  the  experiments  of  Mr.  Biddle 
14*4654 
Mnt  of  d.  At  the  common  temperature  of  the  atmosphere  it  is 
2^1^^  always  in  a  state  of  fluidity.  In  this  respect  it  diflers  from 
all  other  metals.  But  it  becomes  solid  when  exposed  to  s 
sufficient  degree  of  cold.  The  temperature  nece&sary  for 
fireezing  this  metal  is  —  39%  as  was  ascertained  by  the  ex- 
periments of  Mr.  Hutchins$  at  Hudson's  Bay.  Tlie  con- 
gelation of  mercury  was  accidentally  discovered  by  Professor 
Braun  at  Petersburgb  in  1759.  Taking  the  advantage  of  a 
very  severe  frost,  he  plunged  a  thermometer  into  a  mixture 
of  snow  and  salt,  in  order  to  ascertiun  the  degree  of  cold 
thereby  produced.  Observing  the  mercury  stationary,  even 
after  it  was  removed  from  the  mixture,  he  broke  the  bulb 
of  the  thermometer,  and  found  the  metal  fi:ozen  into  a  solid 
mass.  This  experiment  has  been  repeated  veiy  often  since, 
especially  in  Britain.  Mercury  contracts  considerably  at 
the  instant  of  freezing;  a  circumstance  which  misled  the 
philosopbers  who  first  witnessed  its  congelation.  The  mer- 
cuiy  in  their  thermometers  sunk  so  much  before  it  froze, 
that  they  thought  the  cold  to  which  it  had  been  exposed 
much  greater  than  it  really  was.  It  was  in  consequence  of 
the  rules  laid  down  by  Mr.  Cavendish,  that  Mr.  Hutchins 
was  ofiabled  to  ascertain  the  real  freezing  point  of  the  metal 
4.  Solid  mercury  may  be  subjected  to  the  blows  of  a 
hammer,  and  may  be  extended  without  breaking.  It  is 
however  malleable ;  but  neither  the  degree  of  its  mallea- 
bility, nor  its  ductility,  nor  its  tenacity,  have  been  ascer- 
tained. 

*  Cavendish  and  Brissou.  The  specific  graTity  varies  coDt'ideraUj 
like  that  of  all  other  metals.  Fahrenheit  fbundit  13-575.  (PhiL  Trans. 
1784,  Tol.  xxxiii.  114.)  Mr.  Biddle  found  it  13*613  at  the  temperatoro 
of  50O.    (Phil.  Mag.  axx.  184).    I  have  Ibnnd  it  13*49S8. 

t  Gehlen's  Jour.  iv.  434.  I  Phil.  Mag.  xxx.  1S4. 

i  Phil.  Trans.  1783,  p.  303.  See  also  Mr.  Cavendieh's  obeenFatioDS 
ou,Mr.  Uutchint's  experiments  ia  the  same  volume  of  the  Trsnsactioss. 


5.  Mercury boili  when  heated  to  6B&^.^    It  may,  there-  Chaplin . 
fore,  be  totally  evaporated,  or  distilled  from  one  vessel  into  77^"^ 
another.     It  is  by  distillation  that  mercury  is  purified  from  poin  °^ 
various  metallic  bodies  with  which  it  is  often  contaminated. 
The  vapour  of  mercury  is  invisible  and  elastic  like  common 
air:  like  air,  too,  its  elasticity  is  indefinitely  increased  by 
heat,  so  that  it  breaks  through  the  strongest  vesseL    Geoffi> 
roy,  at  the  desire  of  an  alchymist,  inclosed  a  quantity  of  it 
in  an  iron  globe  strongly  secured  by  iron  hoops,  and  put  the 
apparatus  into  a  furnace.     Soon  after  the  globe  became  red 
hot,  it  burst  with  all  the  violence  of  a  bomb^  and  the  whole 
of  the  mercury  was  dissipated^f 

II.  Mercury  is  not  altered  by  being  kept  under  water.  Ozidct. 
When  exposed  to  the  air,  its  surface  is  gradually  tarnished, 
and  covered  with  a  black  powder,  owing  to  its  combining 
with  the  oxygen  of  the  atmosphere.  But  this  change  goes 
on  very  slowly,  unless  the  mercury  be  either  heated  or 
agitated,  by  shaking  it,  for  instance,  in  a  large  bottle  fiill 
of  air.  By  either  of  these  processes  the  metal  is  converted 
into  an  oxide :  by  the  last,  into  a  black-coloured  oxide ;  and 
by  the  first,  into  a  red-coloured  oxide. 

The  oxides  of  mercury  are  two  in  number. 

1.  The  protoxide  was  first  described  with  accuracy  by  Protoxids. 
Boerhaave.  He  formed  it  by  putting  a  little  mercury  into 
a  bottle,  and  tying  it  to  the  spoke  of  a  mill-wheel4  By 
the  constant  agitation  which  it  thus  underwent,  it  was  con- 
verted into  a  black  powder,  to  which  he  gave  the  name  of 
ethiops  per  se.  It  is  a  black  powder  without  any  of  the 
metallic  lustre,  has  a  coppery  taste,  and  is  insoluble  in 
water.  When  calomel  is  digested  in  an  alkaline  ley,  a 
black  powder  is  likewise  obtained.  This  black  powder  has 
been  hitherto  considered  as  protoxide  of  mercury;  but  M. 
Guibourt  affirms  that  it  contains  globules  of  running  mer- 
cury, visible  by  means  of  a  glass,  and  even  to  the  naked 
eye  when  the  metal  is  subjected  to  a  strong  pressure.§ 
Various  experiments  have  been  made  to  determine  the  com- 

*  Crichtooy  Phil.  Mag.  xiv.  49.  Acoording  to  Heinnch  the  boiling 
point  is  658i°.    Schweigger'a  Joamal,  i.  814. 

t  Macquer's  Chwnistry. 

X  This  experinMDt  was  first  made  by  Homberg  in  1699.  He  attached 
a  bottle  holding  some  mercury  to  the  clapper  of  a  mill.  Martyn's 
Abridg.  of  the  Par.  Mem.  vol.  i.  §  Ana.  de  Chim.  et  Pbyi.  i.  4(9. 
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BaokL    poritton  of  tbb  oKide.    Hie  most  aecnfBte  qipear  to  be 
y^**^"'  tboie  of  SeAitiom;^  Bcoorduig  to  whom  it  is  a  compound 

Mercury  ••  100 
Oxygen  ••      8*99 

We  mtj,  without  any  sensible  error,  consider  it  as  a 
compound  100  mercury  +  4  on^gen.  Suppoung  it  to 
consist  of  1  atom  mercury  and  1  atom  oxygen,  an  atom  of 
mercury  will  weig^  25,  and  an  atom  of  protoxide  of  mer- 
cury S6« 
Bed  oBude.  '  2.  When  mercury,  or  its  protoxide,  is  exposed  to  a  heat 
of  about  600%  it  combines  with  additional  oxygen,  assumes 
ii  red  colour,  and  is  converted  into  a  peroxide.  This  oxide 
may  be  ibrmed  two  different  ways :  1.  By  putting  a  little 
mercury  into  a  flat-bottomed  g^iass  bottle  or  matrass,  the 
nedc  of  which  is  drawn  out  into  a  very  narrow  tube,  putting 
thematrass  into  a  sand  bath,  and  keeping  it  constantly  at 
die  boiling  point  The  height  of  die  matrass,  and  the 
smaHness  of  its  mouth,  prevents  the  mercury  from  making 
hs  eeeBpCf  while  it  aflfords  free  access  to  the  air.  The 
sur&ce  of  the  mercury  becomes  gradually  black,  and  then 
red,  by  combining  with  the  oxygen  of  the  air :  and  at  the 
end  of  several  weeks,  the  whole  is  converted  into  a  red 
powder,  or  rather  into  small  crystals  of  a  very  deep  red 
cdour.  The  oxide,  when  thus  obtained,  was  formerly 
called  precipitate  per  se.  2.  When  mercury  is  dissolved  in 
nitric  acid,  evaporated  to  dryness,  and  then  exposed  to  a 
graduated  heat,  it  assumes  a  brilliant  scarlet  colour.  The 
powder  thus  obtained  was  formerly  called  red  precipitate^  and 
possesses  exactly  the  properties  of  the  oxide  obtained  by 
the  former  process.t 

This  oxide  has  an  acrid  and  disagreeable  taste,  possesses 
poisonous  qualities,  and  acts  as  an  cscharotic  when  applied 
to  any  part  of  the  skin.  It  is  somewhat  soluble  in  water. 
When  triturated  with  mercury,  it  gives  out  part  of  its 
oxygen,  and  the  mixture  assumes  various  colours,  according 
to  the  proportion  of  the  ingredients.  When  heated  along 
with  zinc  or  tin  filing,  it  sets  these  metals  on  fire.     Accord- 

*  Annals  of  Philosophy,  id.  855. 

t  See  a  descripuon  of  the  method  of  manofiicturing  this  oxide^  bjr 
^jnk,  hmu  de  Chim.  li.  202. 
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ing  to  the  experiments  of  Seftfltrom,*  which  I  consider  as  Chap.  ili. 
the  most  ftccurate^  thb  oxide  is  composed  of  v^...^^^^^ 

Mercury 100 

Oxygen 7*99 

It  contains,  therefore^  exactly  twice  as  much  oxygen 
as  the  protoxide.  Of  course  it  is  a  compound  of  1  atom 
mercury  and  2  atoms  os^gen. 

III.  Mercury  takes  fire  when  introduced  into  chlorine  gas  Chlorides. 
and  heated.    It  is  capable  of  combining  in  two  proportions 
with  chlorine  and  of  forming  two  chlorides  which  have  been 
long  known.    The  protochloride  is  usually  called  calomel^ 
and  the  perchloride  corrosive  sublimate. 

It  would  occupy  too  much  room  to  give  a  detail  of  the 
very  numerous  eiq>erimeots  that  have  been  made  upon  these 
chlorides.  Their  oolnpositipn  was  first  established  hy  Sir 
Hiunphry  Davy. 

1 .  Perchloride  of  mercury  is  usually  denominated  corrosive  Pcrchid- 
siiblitnate^  or  oerrosit^e  muriate  of  mercury.  The  original  dis-  "^*^' 
eoverer  of  it  is  unknown.  It  is  mentioned  by  Avicenna, 
who  died  before  the  middle  of  the  eleventh  century ;  and 
was  even  known  to  Rhases,  who  lived  in  the  century  before 
him.  The  Chinese  have  been  acquainted  with  it  also  for  a 
long  time.f  The  alchymists  appear  all  to  have  been  ac> 
quainted  with  it,  and  to  have  reckoned  it  among  their 
secrets;  and  some  of  them,  Albertus  Magnus  for  instance^ 
describe  it  with  a  good  deal  of  precision.  Bergman  has 
enumerated  no  less  than  14  different  processes  recommended 
by  chemists  for  preparing  it ;  and  since  that  time  several 
new  methods  have  been  proposed. 

The  process  most  commonly  followed  is  to  mix  together  Prepan- 
equal  parte  of  dry  pemitrate  of  mercury,  decrepitated'^''''- 
common  salt,  and  calcined'  sulphate  of  iron.  One-third  of 
a  matrass  is  filled  with  this  mixture;  the  vessel  is  placed  in 
a  sand-bath,  and  gradually  heated  to  redness.  When  the 
l^iparatus  is  cold,  corrosivesublimate  is  found  sublimed  in 
the  upper  part  of  the  matra^.  Another  process,  first  prp* 
posed  by  Kunkel,  is  to  expose,  in  a  similar  vessel,  a  mixture 
of  equal  parte  of  persulphate  of  mercury  and  dry  common 
salt  to  a  stroi^  heat :  corrosive  sublimate  is  equally  sub- 

>  •  »  -  « 

«  Annals  of  Philosophy,  iii.  355.  .   '      't  Beigiiimi,  tv.  981. 
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Book  I.  limed.  It  nutjr  be  ibmied  likewife  by  pMBng  diloriile  gftf 
Divitaoa  H*  j,|||)  ^  solutioo  of  nitrste  of  mercury,  and  eraporatiiig  ti« 
solution  tiU  the  salt  crystallizes.*  But  it  would  be  tiresome 
and  uselessto  enumerate  all  the  di£ferent  processes.  By  fiur 
the  most  simple,  and  certainly  the  best  for  chemical  pur- 
poses, is  to  dissolve  the  red  oxide  of  mercuty  in  muriatic 
acid.  The  solution  takes  place  readily,  and  without  the 
disengagement  of  any  gas;  and  the  salt  oystallixes  spontft- 

neonsly.t 
fnpa^n.  Perchloride  of  mercury,  when  obtained  by  sublimation, 
is  in  the  f<mn  of  a  beautiful  white  semi-tranqiarent  mas% 
composed  of  very  small  prismatic  needles.  By  evaporation, 
it  yields  cubes  or  rhomboidal  prisms^  or  more  commonly 
quadrangular  prisms  with  their  sides  alternately  narrower, 
and  terminated  by  dihedral  summits,  j:  Its  npedBc  gravity 
IS  6'IS9B.§  Its  taste  is  excessively  aiarid  and  caustic^  and  k 
leaves  for  a  long  time  a  very  disagreeable  sQrptic  metallic 
impression  on  the  tongue.  When  swallowed,  it  is  one  of 
Ae  most  virulent  poisons  known,  produdng  violent  pain, 
nausea,  and  vomiting,  and  corroding  in  a  very  short  time 
the  stomach  and  intestines.  ||  It  is  soluble  in  about  20  parts 
of  cold  water.  Boiling  water,  according  to  Maoquer,  dis- 
solves half  its  weight  of  it.  According  to  Wenzel,  water 
when  boiled  over  this  salt,  dissolves  very  nearly  ^d  of  its 
weight  of  it.**  Alcohol,  according  to  Macquer,  at  the 
temperature  of  70^,  dissolves  fths  of  its  weight,  and  100 
parts  of  boiling  alcohol  dissolve  88  parts  of  it.  It  is  not 
altered  by  exposure  to  the  air.  When  heated,  it  sublimes 
very  readily ;  and  while  in  the  state  of  vapour,  it  is  exceed- 
ingly dangerous  to  those  who  are  obliged  to  breathe  it. 

It  is  soluble  in  sulphuric,  nitric,  and  muriatic  acids;  and 
may  be  obtained  again  by  evaporation  unaltered.  It  is 
decomposed  by  the  fixed  alkalies,  and  oxide  of  mercury 
precipitated  of  a  yellow  colour,  which  soon  becomes  a  brick- 
red.  This  decomposition  renders  corrosive  sublimate  a 
useful  test  for  ascertaining  the  presence  of  alkalies  in  solu- 
tion.   If  liquid  sublimate  be  dropped  into  a  solution  con- 

•  Fourcroy,  v.  337.  f  BerthoUct,  Mem.  de  llostit.  iii.  136. 

t  Bergman,  iv.  S95.  $  Hsssenfrats,  Ami.  de  Chim.  xxviii.  U. 

II  Ilence  it  was  csUsd  by  the  alchymist  the  dragom^ 
«»  Verwsndtiduift,  p.  lit). 


fttning  the  smallest  portion  of  alkali,  the  brick-red  precipi-  Chap.  in. 
•tttte  appears.  The  alkaline  earths  also  decompose  this  salt, 
and  ammonia  forms  with  it  a  triple  compound.  Several  of 
the  metals,  or  their  sulphurets,  decompose  it  also  by  the 
assistance  of  heat.  This  is  the  case  in  particular  with  arsenic, 
bismuth,  antimony,  and  tin.  These  metals  unite  with  the 
chlorine,  and  separate  the  mercury  which  combines  with 
sulphur  if  it  be  present 

Many  experiments  have  been  made  to  determine  the  com- 
position of  this  salt  on  the  supposition  that  it  is  a  compound 
of  muriatic  acid  and  red  oxide  of  mercury.  The  following 
table  exhibits  the  most  accurate  of  these  results. 

chcncvix.    Rose.*  ti^:i:zz::i  ^-^-^-t 

Muriatic  acid     18 18*5 188 19*5 

Peroxide  ...     82 81  '5 81  -2. . . . .     80*5 


100  100*0  100-0  100-0 

If  we  correct  these  so  as  to  make  them  correspond  with  the 
real  composition  of  the  perchloride,  we  obtain  the  following 
numbers : 

Chcncvix.  Rose.  ^sUilTew^Slit^!*     Zaboada. 

Chlorine 24-07  ....     24*53 24-8 1 25-46 

Mercury 75-93 ....     75-47 75-19 ....     74-54 


100-00  100-00  100-00  100-00 

If  we  consider  corrosive  sublimate  as  a  compound  of  1  atom 
mercury  +  2  atoms  chlorine,  its  constituents  will  be 

Chlorine 9 2G-47 

Mercury 25 73-53 

100-00 

We  see  from  this  that  the  analysis  of  Zaboada  is  nearest  the 
truth,  though  even  he  reckons  the  proportion  of  mercury  ra- 
ther too  high. 

2.  Chloride  of  mercury  is  usually  distinguished  by  the  Protoch- 
names  of  calomel  and  merairius  dulcis.     I  am  ignorant  Vho  °"^' 
the  original  discoverer  of  it  was.     It  seems  to  have  been 

•  Gehleo's  Journal,  vi.  28.  t  Ann.  de  Chim.  liv.  124. 

I  Jour,  de  Phys.  Ix.  383. 

VOL.  I.  2   H 
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Bool  I.  prepared  by  the  alchymitti ;  yet  CroUius,  so  late  as  the  be- 
^^*^°  Ih  ginning  of  the  17th  oentary,  speaks  of  it  as  a  grand  secret 
and  mystery :  but  B^guin  made  the  process  public  in  1608 
in  his  Tirocinium  Ch&micunh  in  which  he  describes  the  salt 
under  the  name  of  draco  mitigaiusJ* 
^^»*  The  processes  for  preparing  it,  which  are  numerous,  have 
been  described  by  Beigman.  The  most  usual  is  to  triturate 
four  parts  of  perchloride  of  mercury  with  three  partsof  run- 
ning mercury  ina  glass  mortar,  till  the  mercury  is  killed^  as 
the  apothecaries  term  it;  that  is  to  say,  till  no  globules  of 
the  metal  can  be  perceived ;  and  the  whole  is  converted  into 
a  homogeneous  mass.  This  mixture  is  put  into  a  matrass, 
and  exposed  to  a  suflBcient  heat  in  a  sand  bath.  The  chlo- 
ride is  sublimed;  mixed,  however,  usually  with  a  little  per- 
chloride^ which  is  either  removed  fay  rqieated  sublimations 
and  triturations,  or  by  washing  the  salt  well  with  water. 

It  may  be  prepared  also  in  the  humid  way,  by  a  process 
first  suggested  by  Scheele^  but  corrected  by  Mr.  Chenevix. 

Scheele's  method  is  to  form  a  nitrate  df  mercury  by  dis- 
solving as  much  mercury  as  possible  in  a  given  quantity  of 
boiling  nitric  add.  A  quantity  of  conunon  salt,  equal  to 
half  tibe  weight  of  the  mercury  used,  is  th^i  dissolved  in 
boiling  water,  and  the  boiling  nitrate  is  cautiously  poured 
into  it  A  white  precipitate  falls,  which  is  to  be  edulcorated 
with  water  till  the  liquid  comes  off*  without  any  tast^  and 
then  dried  upon  a  filter.f  Chenevix  has  shown  than  in 
order  to  obtain  the  chloride  by  this  process  quite  free  from 
all  mixture  of  subnitrate,  it  is  necessary  to  mix  the  solution 
of  common  salt  with  some  muriatic  acid. 
Properties.  Chloride  of  mercury  is  usually  in  the  state  of  a  dull  white 
mass;  but  when  slowly  sublimed,  it  crystallizes  in  four-sideil 
prisms,  terminated  by  pyramids.  It  has  very  little  taste^  is 
not  poisonous,  but  only  slightly  purgative.  Its  specific  gra- 
vity is  7'1758.t  It  is  scarcely  soluble,  requiring,  according 
to  Rouelle,  1152  partsof  boiling  water  to  dissolve  it.' 

When  exposed  to  tlie  air,  it  gradually  becomes  deeper 
coloured.    When  rubbed  in  the  dark,  it  phosphoresces,  as 

*  It  has  been  known  also  by  a  variety  of  other  names;  such  as^  suh" 
limatum  dulce,  aquila  alba,  aquila  mitigata,  manna  metallorumy  pan' 
chymogogum  mineraU,  panchymogogus  guercetanus. 

t  Scheele,  i.  331.  t  Uassenfratz,  Ann.  de  Chim.  xxviii.  13. 
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Scheele  discovered.  A  stronger  heat  ii  required  to  sublime  Chip.  in. 
it  than  is  necessary  for  the  sublimation  of  perchloride. 
Chlorine  gas  converts  it  into  perchloride;  and  the  same 
change  is  produced  by  subliming  it  with  one  part  of  com- 
mon salt  and  two  parts  of  sulphate  of  iron.  Nitric  acid  dis- 
solves it  readily,  and  much  nitrous  gas  is  evolved,  as  Berthol- 
let  has  shown,  and  the  salt  is  converted  into  a  perchloride. 

Mr.  Chenevix  employed  the  following  method  to  ascer- 
tain the  composition  of  this  salt.  He  dissolved  100  parts  of 
it  in  nitric  acid,  and  precipitated  the  acid  by  nitrate  of  silver. 
The  precipitate  obtained  indicated  11*5  muriatic  acid.  The 
oxide  obtained  was  88*5.  Zaboada  followed  nearly  the 
same  plan.  The  precipitate,  by  means  of  nitrate  of  silver 
indicated  10'6  of  muriatic  acid.  Muriate  of  tin  threw  down 
85  grains  of  pure  mercury.  The  following  is  the  result  of 
the  analyses  of  these  two  chemists : 

2Saboada.  Chenevix. 

Acid 10-6    11-5 

Protoxide ....     89*4    88*5 


Total 100  100 

When  we  correct  these  results  according  to  the  true  con-  Com  ott* 
stitudon  of  this  chloride,  we  obtain  ^^' 

&boada.  Cheoeviz. 

Chloride  ....     14*04   14*9 

Mercury  ..•,    85*96   85*1 

100*00  100*0 

If  we  suppose  itaoompoundof  1  atom  mercury  +  l  atom 
chlorine,  its  compositicm  will  be 

Chlorine  .,..    4*5  ......  15*25 

Mercury   ....  85      84*75 

100*00 

Now  Chenevix's  analysis  oorreqwnds  with  these  numbers 
very  nearly.  There  can  be  no  doubt  then  that  the  compo* 
sition  of  these  two  chlorides  is  as  follows  :* 

Protochloride. 

Mercury  1  atom 100 

Chlorine  1  atom 18 

•  See  Pavy't  obierfMioiis  sad  eipeiiflMQtti  Phil.  Trans.  1811;  p.  S€. 
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Perchloiide. 

Mercury  1  atom •  100 

Chlorine  2  atoms 36 

IV.  Iodine  combines  readily  with  mercury.  Nothing 
tnore  is  necessary  than  to  place  the  two  bodies  in  contact. 
They  speedily  unite.  Iodide  of  mercury  is  formed  likewise 
when  a  hydriodate  is  dropped  into  a  solution  of  mercury  in 
an  acid.  According  to  Gay-Lussac  there  are  two  iodides  of 
mercury.  The  protiodide  has  a  yellow  colour,  the  periodide 
is  a  beautiful  red,  which  may  be  employed  as  a  paint  They 
are  both  insoluble  in  water.  They  are  decomposed  by 
nitric  acid.  The  first,  as  Gay  Lussac  ascertained,  is  a  com- 
pound of  1  atom  mercury  +  1  atom  iodine;  the  second  of 
1  atom  mercury  +  2  atoms  iodine.  Hence  their  composi- 
tion is  as  follows : 

Protiodide  of  mercury. 
Mercury. . .  25  ....  100 

Iodine 15*625   ....  62*5 


Periodide  of  mercury. 
Mercury  • .  25        •  •  •  •  100 
Iodine. ..••  31*25   ....  125 


ret. 


V.  We  do  not  know  the  action  of  fluorine  on  mercury. 
This  metal  does  not  unite  with  azote^  hydrogen,  carbon, 
boron,  or  silicon. 
Phoiphu-  VI.  Mr.  Pelletier,  after  several  unsuccessful  attempts  to 
combine  phosphorus  and  mercury,  at  last  succeeded  by  dis* 
tilling  a  mixture  of  red  oxide  of  mercury  and  phosphorus. 
Part  of  the  phosphorus  combined  with  the  oxygen  of  the 
oxide,  and  was  converted  into  an  acid ;  the  rest  combined 
with  the  mercury.  He  observed,  that  the  mercury  was  con- 
verted into  a  black  powder  before  it  combined  with  the 
phosphorus.  On  making  the  experiment,  I  found  that 
phosphorus  combines  very  readily  with  the  black  oxide  of 
mercury,  when  melted  along  witli  it  in  a  retort  filled  with 
hydrogen  gas  to  prevent  the  combustion  of  the  phosphorus. 
Phosphuret  of  mercury  is  of  a  black  colour,  of  a  pretty  solid 
consistence,  and  capable  of  being  cut  with  a  knife.  When 
exposed  to  the  air,  it  exhales  vapours  of  phosphorus.* 

VII.  Mercury  combines  with  two  proportions  of  sulphur 


*  Aon.  de  Cbim.j(iii.  133. 
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and  forms  two  sulphnrets.    The  protosulphuref  b  black  but  Chap.  llL 
the  perstdpkuret  is  red.  ^— v— ^ 

1.  When  two  parts  of  sulphur  and  one  of  mercury  are  ^^^  »^'' 
triturated  together  in  a  mortar^  the  mercury  gradually  dis- 
appears, and  the  whole  assumes  the  form  of  a  black  powder^ 
formerly  called  ethiops  mineraL     It  is  scarcely  possible  by 

this  process  to  combine  the  sulphur  and  mercury  so  com- 
pletely, that  small  globules  of  the  metal  may  not  be  detected 
by  a  microscope.  When  mercury  is  added  slowly  to  its 
own  weight  of  melted  sulphur,  and  the  mixture  is  constandy 
stirred,  the  same  black  compound  is  formed.  It  may  be  ob- 
tained very  readily  likewise  by  passing  a  current  of  sulphu* 
retcd  hydrogen  gas  through  an  acid  solution  of  mercury. 
The  black  sulphuret  is  precipitated  abundantly.  Accord- 
ing to  Guibourt  running  mercury  may  be  pressed  out  of  the 
sulphuret  prepared  in  this  way.*  This  sulphuret  according 
to  him  is  composed  of 

Mercury  • , . .  100       25 

Sulphur 8-2    2*05 

Hence  it  is  obviously  a  compound  of  1  atom  mercury  +  1 
atom  sulphur. 

2.  When  ethiops  mineral  is  heated  red-hot,  it  sublimes;  Redtnl* 
and  if  a  proper  vessel  be  placed  to  receive  it,  a  cake  is  ob-  P*^'*"^ 
tained  of  a  fine  red  colour.     This  cake  was  formerly  called 
cinnabar  ;  and  when  reduced  to  a  fine  powder,  is  w^  known. 

in  commerce  under  the  name  oivermilion.\ 

This  sulphuret  of  mercury  has  a  scarlet  colour,  more  or 
less  beautifol,  according  to  the  mode  of  preparing  it.  Its 
specific  gravity  is  about  10.  It  is  tasteless,  insoluble  in 
water,  and  in  muriatic  acid,  and  not  altered  by  exposure  to 
the  air.  When  heated  sufficiently,  it  takes  fire^  and  bums 
with  a  blue  flame.  When  mixed  with  half  its  weight  of 
iron  filings,  and  distilled  in  a  stoneware  retort,  the  sulphur 
combines  with  the  iron,  and  the  mercury  passes  into  the 
receiver,  which  ought  to  contain  water.     By  this  process 

*  Ann.  de  Chim.  et  Phys.  i.  424. 

t  The  word  vemulkm  is  derived  from  the  FrencKword  termeilf  which 
comes  from  vermiculus,  or  vermiculum :  names  giren  in  the  middle  ages 
to  the  kermet  or  coccus  ilUcis^  well  known  as  a  red  dye.  VermiUon 
originally  signified  the  red  dye  of  the  kermes.  S«e  Beckmao's  Hiitoiy 
of  Di^^veriesy  ii*  180. 
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Bookl.   mmary  nay  be  obtained  in  a  State  of  purity.    The  use  of 
*JJ^^^^  this  sulphuret  of  mercury  as  a  paint  is  well  known.* 

Cinnabar  may  be  prepared  by  various  other  procenes* 
One  of  the  simplest  of  these  is  die  following,  lately  disco- 
vered by  Mr.  KirchoS     When  SOO  grains  of  mercury  and 
68  of  sulphur,  with  a  few  drops  of  solution  of  potash  to 
moisten  them,  are  triturated  for  some  time  In  a  porcdain 
cup  by  means  of  a  glass  pestle,  ethiops  mineral  la  produced* 
Add  to  this  160  grains  of  potash  dissolved  in  as  much  water. 
Heat  the  vessel  containing  the  ingredients  over  the  flame  of 
a  candle^  and  continue  the  trituration  without  interruplioii 
during  tlje  heating.    In  proportion  as  the  liquid  evaporatesi 
addclear  water  from  time  to  time,  so  that  the  oxide  may  be 
constantly  covered  to  the  depth  of  near  an  inch.    The  tri- 
turation must  be  continued  about  two  hours;  at  the  end  of 
which  time  the  mixture  begins  to  diange  from  its  original 
black  colour  to  a  brown,  which  usually  happens  when  a 
large  part  of  the  fluid  is  evaporated.    It  thesi  pastes  very 
rq)idly  to  a  red.    No  more  water  is  to  be  added;  but  the 
trituration  is  to  be  continued  without  interruption.    When 
the  mass  has  acquired  the  consistence  of  a  jeUy,  the  red  co- 
lour becomes  more  and  more  bright,  with  an  incredible  de- 
gree of  quickness.    The  instant  the  colour  has  acquired  its 
utmost  beauty,  the  heat  must  be  withdrawn,  otherwise  the 
red  passes  to  a  dirty  brown.     Count  de  Moussin  Pouschkin 
has  discovered,  that  its  passing  to  a  brown  colour  may  be 
prevented  by  taking  it  from  the  fire  as  soon  as  it  has  ac- 
quired a  red  colour,  and  placing  it  for  two  or  three  days  in 
a  gentle  heat,  taking  care  to  add  a  few  drops  of  water,  and 
to  agitate  the  mixture  from  time  to  time.    During  this  ex- 
posure the  red  colour  gradually  improves,  and  at  last  be- 
comes excellent.    He  discovered  also,  that  when  this  sul- 
phuret is  exposed  to  a  strong  heat,  it  becomes  instantly 
brown,  and  then  passes  into  a  dark  violet ;  when  taken  £com 
the  fir^  it  passes  instantly  to  a  beautiful  carmine  red.t 

The  persulphuret  according  to  the  experiments  of  Ptoust  X 
is  composed  of 

Mercury   100 

Sulphur    17-64 

*  See  a  description  of  the  process  of  making  it  bj  Paysse,  Ann.  d% 
Chim.  li.  196 ;  and  by  Tuckert,  ibid.  iv.  U. 
t  Nicholson's  Joomaly  ii.  1.  }  Jour,  de  Phjt.  liii.  99. 
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According  to  Guibourt  *  it  is  a  compound  of  Chap.  ill. 

Mercury    100   •  25 

Sulphur     16   4 

This  last  analysis  is  accurate.  We  see  from  it  that  the 
persulphuret  of  mercury  is  a  compound  of  1  atom  mercury 
-f  2  atoms  sulphur. 

VI FT.  Mercury  may  be  amalgamated  with  arsenic  byAoulsanu 
keeping  them  for  some  hours  over  the  fire,  constantly  agi-  ^^  "*^ 
tating  the  mixture.    The  amalgam  is  grey-coloured,  and 
composed  of  5  parts  of  mercury  and  1  of  arsenicf 

IX.  Mercury  may  be  amalgamated  with  tellurium  byTclluriam, 
trituration. 

X.  Mercury  may  be  readily  amalgamated  with  potas- Pottnium, 
Slum  and  sodium,  either  by  heat  or  by  simply  placing  the 

two  bodies  in  contact.  Considerable  heat  is  evolved  during 
the  combination*  The  amalgam  is  solid,  unless  the  propor- 
tion of  potassium  or  sodium  be  very  smalL  It  crystallizes 
and  has  a  white  colour  like  that  of  mercury.  Tlie  potas- 
sium or  sodium  is  speedily  converted  into  alkali  in  the  open 
air  or  under  water.:^ 

XI.  Mercury  has  been  amalgamated  with  the  metallic 
bases  of  the  aUcaline  earths,  by  Seebeck,  Berzelius,  and 
Davy.     But  these  amalgams  have  not  been  examined. 

We  are  unacquainted  with  the  compounds  which  mercury 
is  capable  of  forming  with  the  bases  of  the  earths  proper. 

XII.  Iron  is  not  acted  on  by  mercury :  accordingly  this  Iron, 
last  metal  is  usually  kept  in  vessels  of  iron.  Mr.  .Aurthur 
Aiken,  however,  has  shown  that  these  two  metals  may  be 
combined  together.  To  form  an  amalgam  of  iron,  he  tri- 
turates together  iron  filings  and  the  amalgam  of  the  metal 
called  zmCf  and  adds  to  the  mixture  a  solution  of  iron  in 
muriatic  acid.  By  kneading  this  mixture,  and  heating  it, 
the  iron  and  mercury  which  combine  together  gradually 
assume  the  metallic  lustre.  $ 

XIII.  Mercury  does  not  combine  with  nickel,  or  cobalt, 
or  manganese.  We  are  ignorant  of  the  action  of  this 
metal  on  cerium  and  uranium. 


*  Ann.  d%  Chim.  et  Phys.  i.  485.  t  Bergman,  ii.  981. 

I  Gay-LoBtac  andTbeoard;  Redierches  physico-chimiqaesi  i,  S33. 
§  PhU.  Mag.  xiii.  416. 
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Book  L    jrellow,  without  either  taste  or  smell ;  taid  in  point  of  bril* 
^'*'^     liancy  is  inferior  to  none  of  the  metallic  bodies,   if  we 


except  polished  steel. 

2.  It  is  softer  than  copper,  but  harder  dian  gold.  When 
melted,  its  q>ccific  gravity  is  10*474;*  wh^  hammeiedi 

10-510.t 

S.  In  malleability  it  is  inferior  to  none  of  the  metals,  if 
we  except  gold.  It  may  be  beatoiitinto  leaves  only  {^^^^^ 
inch  thidu  Its  ductility  is  equally  remarkable:  it  may  be 
drawn  out  into  a  wire  much  finer  than  a  human  hair;  so 
fine  indeed,  that  a  single  grain  of  silver  may  be  extended 
about  400  feet  in  length. 

4.  Its  tenacity  is  such,  that  a  wire  of  silver  0*078  inch  in 
diameter  is  capable  of  supporting  a  weight  of  187*13  IbSi 
avoirdupoftB  without  breaking.^ 

5.  Silver  melts  when  it  is  heated  completdy  red  hot;  and 
while  melted  its  brilliancy  is  much  increased*  According 
to  the  calculation  of  Mortimer  and  Bergman,  its  fiiung 
point  is  1000^  of  Fahrenheit  Dr.  Kenrody  ascertained, 
that  the  temperature  at  which  it  melts  corre^Mmds  to  S2^  of 
Wedgewood's  pyrometer.  §  If  the  heat  be  incrsased  after 
the  silver  is  melted,  the  liquid  metal  boils,  and  may  be  vola- 
tilized; but  a  very  strong  and  long-continued  heat  is 
necessary.  Gasto  Claveus  kept  an  ounce  of  silver  melted  in 
a  glass-house  furnace  for  two  months,  and  found,  by  weigh- 
ing it,  that  it  had  sustained  a  loss  of  i^th  of  its  weight.  || 
Vauquelin  however  found  that  when  placed  upon  charcoal, 
urged  by  a  current  of  oxygen  gas,  the  silver  was  volatilized 
in  a  visible  smoke.** 

When  cooled  slowly,  its  surface  exhibits  the  appearance 
of  crystals ;  and  if  the  liquid  part  of  the  metal  be  poured  out 
as  soon  as  the  surface  congeals,  pretty  large  crystals  of 
silver  may  be  obtained.     By  this  method  Tillet  and  Mon^r 

*  Brisson  and  Hatchett.  Fahrenheit  found  it  10*481.  Phil.  Trans. 
1724y  vol.  xxxiii.  p.  IM.)  I  found  pure  silyer  melted  and  slowly  cooled 
of  the  specific  gravity  10*3946 ;  when  hammered  it  became  10'4177 ; 
when  rolled  out  into  a  plate  it  became  10*48  IS.  Nicholsoo's  Jour  zir. 
397. 

t  According  to  Brisson.  Musdienbroeck  fouid  the  specific  gravity 
of  hammered  silver  10*  SCO.  Dr.  Lewis  makes  it  no  less  than  10*980. 
(Phil.  Com.  p.  549.)  X  Ann.  de  Chim.  xxr.  9. 

§  Sir  James  Hall,  Nicholson's  Jaur.  ix.  99. 

jt  tbesKnun  Cbcm.  ii.  17.  ^  Ami.  ds  Chim.  hxxis.  93^ 
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gez  junior,  obtained  it  in  four-sided  pyramids,  bodi  insa-  Chap.  iii. 
latcd  and  in  groups. 

II.  Silver  is  not  oxidized  by  exposure  to  the  air :  it  gra^  Osidc 
dually  indeed  loses  its  lustre^  and  becomes  tarnished;  but 
this  is  owing  to  a  different  cause.  Neither  is  it  altered  by 
being  kept  under  water.  But  if  it  be  kept  for  a  long  time 
melted  in  an  open  vessel,  it  gradually  attracts  oxygen  from 
the  atmosphere,  and  is  converted  into  an  oxide.  Tib 
experiment  was  first  made  by  Junker,  who  converted  a 
quantity  of  silver  into  a  vitriform  oxide.*  It  was  afterwards 
confirmed  by  Macquer  and  Darcet  Macquer,  by  deposing 
silver  20  times  successively  to  the  heat  of  a  porcelain  fiumace, 
obtained  a  glass  f  of  an  olive  green  colour.^  Nay,  if  the 
heat  be  sufficient,  the  silver  even  takes  fire,  and  bums  like 
other  combustible  bodies.  Van  Marum  made  electric 
sparks  from  his  powerful  Teylerian  machine  pass  through  a 
silver  wire ;  the  wire  exhibited  a  greenish  white  flame,  and 
was  dissipated  into  smoke.  Before  a  stream  of  oxygen  and 
hydrogen  gas,  it  bums  rapidly  with  a  light  green  flame. 
By  means  of  the  galvanic  battery  it  may  be  burnt  with 
great  brilliancy. 

The  oxide  of  silver,  obtained  by  meaiis  of  heat,  is  of  an 
olive  colour.  When  silver  is  dissolved  in  nitric  acid,  and 
precipitated  by  lime  water,  it  falls  to  the  bottom  under  the 
form  of  a  powder  of  a  dark  olive-brown  colour.  This  oxide 
is  tasteless.  It  is  insoluble  in  water,  but  readily  soluble  in 
nitric  acid.  When  heated  to  redness  it  is  reduced  to  the 
metallic  state.  The  following  table  exhibits  the  composi- 
tion of  this  oxide,  according  to  the  experiments  of  different 
chemists 

KUproih.^  Proust,  li     Berzclius.**     Dtvy.ff    Thointon4X 

Silver     ..100       ....100    ....100       ...100    ...100 
Oxygen  ..  12'S6....     9*5....     7*44 ...     7*3...     7*291 

We  may,  I  conceive,  without  deviating  from  the  truths 
consider  this  oxide  as  a  compound  of 

*  Junker's  Conspectus  Chem.  i.  887. 

t  Metallic  oxides^  afler  fiision,  are  called  glass,  because  they  acquire 
a  good  deal  of  reaemblance,  in  some  particulars,  to  common  glass. 

X  Macquer's  Dictionary,  ii.  571.  §  Beitrage,  iii.  199. 

II  Nicholson's  Journal,  xv.  375. 

**  Ann.  de  Chim.  Ixxiz.  13S.  An  inference  from  the  analysis  of  sul- 
jphuret  of  silver.  ff  Elements  of  Chemical  Philosophy,  p.  444. 

JX  Annali  of  Philosophy,  ir.  15. 
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Book!.  saver      100 

DiviMon  11.  Oxygen   7*272 

In  that  case,  if  wc  suppose  it  a  compound,  of  I  atom 
silver  +  1  atom  oxygen,  an  atom  of  silver  will  weigh  13*75 
and  an  atom  of  oxide  of  silver  14-75. 
Chlofide.  III.  Silver  does  not  bum  when  heated  in  chlorine  gas; 
but  it  gradually  absorbs  the  gas,  and  is  converted  into  the 
well  known  compound  Ciilled  formerly  horn  silver^  and  more 
lately  distinguished  by  the  name  of  muriate  of'  silver.  Sir 
H.  Davy  first  showed  that  it  is  a  Moride  of  silver. 

This  chloride  is  easily  obtained  by  dissolving  silver  in 
nitric  acid,  and  mixing  the  solution  with  a  solution  of  com- 
mon salt.     A  copious  curdy  precipitate  fells.     When  this 
precipitate  is  ii'ashcd  and  dried  it  constitutes  pure  chloride 
of  silver. 
Propcrtiei.       This  chloride  is  one  of  the  most  insoluble  substances 
known  :  According  to  Monnetit  rcciutrcs  no  less  than  3072 
parts  of  water  to  dissolve  it.     When  exposed  to  the  air,  it 
gradually  acquires  a  purple  colour.    'When  exposed  to  a 
heat  of  about  500°,  it  melts,  and  assumes,  on  cooling,  the 
form  of  a  gre}'-coloured  semitransparent  mass,  having  some 
resemblance  to  horn,  and  for  that  reason  called  luna  contea, 
A  strong  heat  sublimes  it,  as  Margraffascertained.*   When 
heated  strongly  in  an  earthen  crucible,  it  passes  through 
altogether,  and  is  lost  in  the  fire;  but  when  mixed  with 
about  four  times  its  weight  of  fixed  alkali,  formed  into  a  ball 
with  a  little  water,  and  melted  rapidly  in  a  crucible  well 
lined  with  alkali,  the  silver  is  reduced,  and  obtained  in  a 
state  of  purity.     Considerable  caution  is  necessary  in  con- 
ducting this  experiment.     The  easiest  way  of  obtaining  the 
silver  is,  by  boiling  the  chloride  in  an  iron  \x}t  with  water 
and  pieces  of  iron. 

The  chloride  of  silver  is  soluble  in  annnonia.  The  alka- 
line carbonates  decompose  it,  but  not  the  pure  alkalies ; 
neither  is  it  decomposed  by  any  of  the  acids.  Several  of 
the  metals,  when  fused  alofig  with  it,  separate  the  silver 
in  its  metallic  state ;  but  it  is  always  alloyed  with  a  little  of 
the  metal  employed.  Copper,  iron,  lead,  tin,  zinc,  anti- 
mony, and  bismuth,  have  been  used  for  that  purpose.f    If 

•  Opusc.  i.  265.    Proust  affinns  that  this  sublimation  stops  after  tbt 
•alt  is  in  complete  fusion.  f  Mai]graff,  Ibid. 
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ilic  solution  of  this  salt  in  ammonia  be  mixed  with  rmming  Chap.  ill. 
mercury,  the  silver  gradually  separates,  combines  with  the  ^"^v^"^ 
mercury,  and  forms  the  crystals  usually  distinguished  by  the 
name  of  arbor  Diance^  MargrafF  recommends  this  amalga- 
mation as  the  best  method  of  procuring  pure  silver.  This 
salt  dissolves  in  muriatic  acid,  and  by  that  means  may  be 
obtained  in  octahedral  crystals.  When  the  ammoniacal 
solution  of  this  salt  is  heated,  fulminating  silver  is  precipi- 
tated.* All  substances  containing  hydrogen  have  the  pro- 
perty of  removing  the  chlorine,  but  no  other  bodies. 

Considerable  pains  have  been  taken  to  ascertain  the 
constituents  of  this  chloride  correctly,  because  it  is  by  means 
of  it  that  the  different  muriates  are  analysed.  The  following 
table  exhibits  the  result  of  the  most  accurate  trials  hitherto 
made,  on  the  supposition  that  the  chloride  is  a  compound 
of  muriatic  acid  and  oxide  of  silver : 

Proust,  t     Rosc.^     Berze1ius.§  Marcet.jj  Gay-Lussac.** 

Muriatic  acid    . .   18  . .   18-28  . .   18*7  . .  19*05    19*28  Composi- 

Oxide  of  silver  . .  82  . .  81-72  . .  81-3  . .  80*95    80*72  ^'^"' 


100     100*00     100*0     100*00  100*00 

When  these  results    are    corrected    according    to  the 
true  composition  of  the  chloride,  wc  obtain  the  following 
numbers. 

Proust.        Rose.    Bcrzelius.    Marcct.  Gay-Lussac.  J.Davy.+  f 

Chlorine  23*55  . .  23*82 . .  24*21  . .  24*53 . .  24*75  . .  24*5 
Silver. . .  76*45 . .  76'18  . .  75*79 . .  75*47  . .  75*25 . .  75*5 


100*00     100*00     10000     100*00     100*00     100*0 

If  we  consider  this  chloride  as  a  compound  of  1  atom  silver 
and  1  atom  chlorine,  its  constituents  will  be 

Chlorine . .     4*5    24*66 

Silver  ..,.  13*75 75*34 


100*00 


♦  Proust,  Nicholson's  Jour.  xv.  369.       t  Jour,  de  Phys.  xlix.  221. 

J  Gehleu's  Journal^  vi.  29.  §  Ann.  de  Chim.  Ixxviii.  114. 

II  Nicholson's  Journal  xx.  30. 

••  As  quoted  hy  Dr.  Henry;  Chemistry,  vol.  ii.  p.  77.  I  do  not 
know  where  Gay-Lussac's  experiments  were  published.  In  Ann.  de 
Chim.  xci.  100,  he  adopts  the  analysis  of  Beizelius. 

ft  Phil.  Traas.  1813,  p.  172. 
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Book  1.    This  is  almost  the  exact  mean  of  the  analyses  of  Gay-Lus- 
Ohrisioa  IL  ^^  ^qJ  MaToet,  which  in  comequenoe  we  must  consider  ts 

^  "    the  most  accurate. 
Iodide  IV.  The  iodide  of  siver  is  easily  obtained  by  dropping  i 

hydriodate  into  nitrate  of  silver.  A  greenish  yellovr  cuidj 
precipitate  fidls  having  a  good  deal  of  resemblance  to  chlo- 
ride of  silver.  It  melts  at  a  low  red  heat  and  assumes  a 
reddish  coloar.  When  exposed  to  light  its  cokmr  is  al- 
tered more  rapidly  than  even  that  of  chloride  of  silver.  It 
is  insoluble  in  water  and  easily  decomposed  when  heated 
with  potash.  It  has  not  been  analysed ;  but  there  can  be 
no  doubt  that  it  is  a  compound  of  1  atom  silver  -f  I  atom 
iodinei  or  by  weight  of 

Sdver 13-75 

Iodine 15-695 

V.  We  are  unacquainted  with  the  action  of  fluorine  on 
silver.  This  metal  does  not  ccunbine  with  azote,  hydrogen, 
carbon,  boron,  or  silicon. 

Fhoqiho-  VI.  Silver  was  first  combined  with  phosphorus  by  Mr. 
Pelletier.  If  one  ounce  of  silver,  one  ounce  of  phosphoric 
glass,  and  two  drams  of  charcoal,  he  mixed  together,  and 
heated  in  a  crucible,  phosphuret  of  silver  is  formed.  It  is 
of  a  white  colour,  and  appears  granalated,  or  as  it  were 
crystallized.  It  breaks  under  the  hammer,  but  may  be  cut 
with  a  knife.  It  is  composed  of  4  parts  of  silver  and  1  of 
phosphorus.  Heat  decomposes  it  by  separating  the  phos- 
phorus.* Pelletier  has  observed  that  silver  in  fusion  is  ca« 
pablc  of  combining  with  more  phosphorus  than  solid  silver; 
for  when  phosphuret  of  silver  is  formed  by  projecting  phos- 
phorus into  melted  silver,  after  the  cruciUe  is  taken  firom 
the  fire,  a  quanti^  of  phosphorus  is  emitted  the  moment  (he 
metal  congeals.f 

Solphn-  VII.  When  tliin  plates  of  silver  and  sulphur  are  laid  al- 

ternately above  each  other  in  a  crucible,  they  melt  readily 
in  a  low  red  heat,  and  form  siUphuret  of  silver.  It  is  of  a 
black  or  very  deep  violet  colour;  c^>able  of  bong  cut  with 
a' knife;  often  crystallized  in  small  needles ;  and  much  more 
fusible  than  silver.  If  sufficient  heat  be  applied,  the  sulphur 
is  slowly  volatilized,  and  the  metal  remains  behind  in  a  state 

*  Pelletier ;  Ann.  de  Cbim.  i.  78.  f  Ann.  lU  Chini.  xiiL  110. 
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of  purity.  •  This  compound  frequendy  occurs  native.    It  has  Chap.  in. 
a  dark  grey  colour,  a  metallic  lustre,  and  the  softness,  floci-  ^*-*v— ^ 
bility,  and  malleability  of  lead.     Its  specific  gravity  is  about 
7*2.    The  following  table  exhibits  the  most  correct  experi- 
ments on  the  composition  of  this  sulphuret  hitherto  made : 

Klaproth.*  Vauqueltn.f  Beneliat.t 

Silver.  •••  100        ••••  100        ....  100 
Sulphur..     17*64   ••..     14*59   .•••     14*9 

It  is  obvious  firom  these  analyses  that  sulphuret  of  silver 
is  a  compound  of  1  atom  silver  +  1  atom  sulphur.  The 
correct  composition  according  to  that  supposition  is 

Silver '..  13*75....  100 

Sulphur 2      ....  14*544 

From  this  it  appears  that  Vauqjielin's  analysis  is  the  most 
correct 

It  18  well  known  that  when  silver  is  long  exposed  to  the 
air,  especially  in  frequented  places,  as  churches,  theatres, 
&c.  it  acquires  a  covering  of  a  violet  colour,  which  deprives 
it  of  its  lustre  and  malleability.  This  covering  which  forms 
a  thin  layer,  can  only  be  detached  from  the  silver  by  bending^ 
it,  or  breaking  it  in  pieces  with  a  hammer.  It  was  exa-* 
mined  by  Mr.  Proust,  and  found  to  be  sulphuret  of  silver,  § 

VIII.  Melted  silver  takes  up  ^th  of  arsenic  ||   The  alloy  Alloys  witjh 
is  brittle,  yellow-coloured,  and  useless.  traeiuc, 

IX.  The  alloy  of  silver  and  iron  has  not  been  examined  Iron, 
by  modem  chemists.    According  to  Wallerius,  the  metals 
unite  readily  by  fusion,  and  when  the  quantity  of  each  is 
equal,  the  sJIoy  has  the  colour  of  silver,  but  it  is  harder ; 

it  is  very  ductile,  and  is  attracted  by  the  magnet**  Mor-% 
ireauft  has  shown,  that  when  this  alloy  is  kept  in  fusion,  the 
metals  separate  from  each  other  according  to  their  specific 
gravity,  forming  two  buttons,  exceedingly  distinct  Neither 
of  these,  however,  is  in  a  state  of  purity.  The  silver  retains 
a  little  iron,  which  makes  it  obedient  to  the  magnet  Cou- 
lomb has  shown,  that  the  proportion  of  iron  which  remains 
in  the  silver  amounts  to  xar^'^  P^^^    "^^  iron,  on  the  other 

*  Beitrage,  i.  16S.  f  Ann.  du  Muse,  dliist.  Nat.  xv'n,  16. 
}  Ann.  de  Chim.  \mx\x,  131.  §  Ann.  de  Chim.  i.  14S. 

II  Beiigmany  ii.  281.  ••  W^werberj,  i.  166. 

ft  Jour  de  Phys.  1788. 


480  SIMPU   COMBUSTIBLES* 

Book  I.    hand,  retaitis  about  ^  of  its  weight  of  silver ;  which  gfre» 
Dtvigionii.  j|.  ^^^  excessive  hardness  and  compactness  of  structure^  of 
which  pure  iron  is  destitute.* 

X.  Silver  does  not  unite  with  nickel  by  fusion. 
Cobadty  XI.  When  2  parts  of  cobalt  and  1  of  silver  are  melted 

together,  the  two  metals  are  obtained  separately  after 
the  process ;  the  silver  at  the  bottom  of  the  crucible,  and 
the  cobalt  above  it.  £ach  of  them,  however,  has  absorbed 
a  small  portion  of  the  other  metal :  for  the  silver  is  brittle 
and  dark  coloured,  while  the  cobalt  is  whiter  than  usuaLf 

XII.  We  are  ignorant  of  the  alloys  of  silver  with  manga- 
nese, cerium,  and  uranium. 
Zinc,  XIII.  Silver  unites  to  zinc  with  facility,  and  produces  a 

brittle  alloy  of  a  bluish  white  colour,  and  a  granular  tex- 
ture.    Its  specific  gravity,  acconling  to  Gellert,  is  greater 
than  the  mean.     Wlien  an  alloy  of  II  zinc  and  i  siiver  is 
sublimed  in  open  vessels,  the  whole  of  the  silver  arises  along 
with  the  flowers  of  ziuc.^ 
Biimuth,        XIV.  Bismuth  combines  readily  with  alvcr  by  fusion. 
The  alloy  is  brittle;  its  colour  is  nearly  th^t  of  bismuth; 
its  texture  lainellar ;  and  its  specific  gravity  greater  than  the 
ftnean.     According  to  Muschenbroeck,  the  specific  gravity 
of  an  alloy  of  equal  parts  bismuth  and  silver  is  10*7097.$ 
JLc»d,  XV.  Melted  lead  dissolves  a  great  portion  of  silver  at  a 

slightly  red-heat.  ITie  alloy  is  verj-  brittle  :||  its  colour 
approaches  to  that  of  lead;  and,  according  to  Kraft,  its  spe- 
cific gravity  .is  greater  than  tlie  mean  density  of  tlie  two 
metals  united.  The  tenacity  of  silver,  according  to  the  ex- 
periments of  Muschenbroeck,  is  dimuiished  by  the  addition 
of  lead.  This  alloy  is  easily  decomposed,  and  the  lead  se- 
parated by  cnpellation. 
Copper.  XVI.  ISilvtT  is  easily  alloyed  with  copper  by  fusion.  Tlie 

compound  is  harder  and  more  sonorous  than  silver,  and  re- 
tains its  white  colour  even  when  the  proportion  of  copjKjr 
exceeds  one-halK  The  hardness  is  a  maximum  when  the 
Silver  coin,  copper  amounts  to  one-fifth  of  die  silver.  Tlie  standard  or 
sterling  silver  of  Britain,  of  which  coin  is  made,  is  a  com- 
pound of  12j-  silver  and  one  copper.     Its  specific  gravity 


♦  Ann.  de  Chim.  xliii.  47. 

J  Wasserberg,  i.  160. 

II  Ijew'is  ;  Neuinau's  Cliem.  p.  57. 


t  GtiUcrt,  p.  137. 
§  Wasseii>ei^  i.  160. 
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after  simple  fusion  is  10*200.*  By  calculation  it  should  Chap.  ill. 
be  10*351.  Hence  it  follows  that  the  alloy  expands,  as  is 
the  case  with  gold  when  united  to  copper.f  The  specific  gra- 
vity of  Paris  standard  silver,  composed  of  137  parts  silver 
and  seven  copper,  according  to  Brisson,  is  10*1752;  but  by 
hammering,  it  becomes  as  high  as  10*3765.  The  French 
silver  coin,  at  least  during  the  old  government,  was  not 
nearly  so  fine,  being  composed  of  261  parts  of  silver  and 
27' of  copper,  or  one  part  of  copper  alloyed  with  9^  of  sil- 
ver. Its  specific  gravity,  according  to  Brisson,  was  10*0476; 
but  after  being  coined,  it  became  as  high  as  10*4077.  The 
Austrian  silver  coin,  according  to  Wasserberg,  contains 
•ji^  of  copper.f  The  silver  coin  of  the  ancients  was  nearly 
pure,  and  appears  not  to  have  been  mixed  with  alloy.  This 
seems  to  be  the  case  also  witli  coins  qf  the  East-Indies ;  at 
least  a  rupee  which  I  analysed  contained  only  -^  part  of 
copper ;  a  proportion  so  small  that  it  can  scarcely  be  sup- 
posed to  have  been  added  on  purpose.  A  pound  of  stand- 
ard silver  is  coined  into  62  shillings. 

XVII.  The  alloy  of  silver  and  tin  is  very  brittle  and  Tin. 
hard.     It  was  examined  by   Kraft  and  Muschenbroeck. 

♦  Cavailo's  Nat  Phil.  ii.  76.  Dr.  Shaw  makes  it  10-535  after  ham- 
mering, as  it  appears  from  his  table.    Shaw's  Boyle,  ii.  345. 

t  I  find  the  specific  gravity  of  our  new  silver  (1817)  10.3121.  The 
weight  of  a  shilling  is  87*55  grains. 

X  Wasserberg,  i.  155.  The  following  table  exhibits  the  composition 
•f  different  European  coins,  according  to  my  experiments. 

Alloy  per  Weight  of  silver,  that  of 

cent.  the  copper  being  i, 

British 7-5  12-5 

Dutch 8  11-5 

French... 9  10*1 

Austrian 9*5 9*5 

Sardinian 9'5  9*5 

^p'^"'" {in  .■.'.■.■■.:::.'.■■.;!.!:."  II 

Portugue9e. 11 8 

Danish 12      7*3 

Swiss 21      3-8 

Russian 24      3*6 

Hamburgh 50      1 

The  first  colunm  of  this  table  gives  the  supposed  proportion  of  alloy 
iu  100  parts  of  the  respective  coin ;  the  second  gives  the  weight  of  silver 
contained  in  each  coin,  od  the  supposition  that  the  weight  of  the  copper 
mth  which  the  silver  it  alloyed  is  always  1.    Nicholson's  Jour.  xiv.409. 

VOL.  I.  2  I 
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Book  I.  According  to  them,  one  part  of  tin  and  foor  of  mlrer  farm 
DiTition  .  ^^^u^pQiiod  as  hard  as  bronze.  The  addition  of  moictio 
softens  the  alloy.  It  has  a  granular  appearance^  and  b 
easily  oxidized.  According  to  Gdlert,  these  metals  cod- 
tract  in  uniting.*  Mr.  Hatchet  found  that  silver  made, 
standard  by  tin  was  brittle,  and  did  not  ring  welLf 
Amilsam.  XVII I^  The  amalgam  of  silver  is  easily  fbnned  by  throw- 
ing pieces  of  red  hot  ulver  into  mercury  heated  till  it 
Ix^ns  to  smoke.  It  forms  dendritical  crystal^  which,  ac- 
cording to  the  Dijcm  academicians,  contain  e^t  parts  of 
mercury  and  one  of  silver.  It  is  of  a  white  ccrfonry  and  if 
always  of  a  soft  consistence.  Its  specific  gravity  is  greatff 
than  the  mean  of  the  two  metals.  Gellert  has  even  re- 
marked, that  when  thrown  in  pure  mercury,  it  sinks  to  die 
bottom  of  that  liqu^^  When  heated  sufficiently^  tht 
mercury  is  volatilized,  and  the  silver  remains  behind 
pure.  This  amalgam  is  sometimes  employed^  like  that 
of  gold,  to  cover  the  surfiices  of  the  mfienox  metak  with 
a  thin  coat  of  silver. 

FAXII.T  V. 

This  family  contains  the  five  following  metallic  bodies. 

1.  Gold  4.  Rhodium 

2.  Platinum  5.  Iridium 

3.  Palladium 

They  all  require  a  strong  heat  to  fiise  them ;  they  are 
all  insoluble  in  nitric  acid,  and  their  oxides  are  reducible 
to  the  metallic  state  by  the  application  of  mere  heat. 


SECT.  I. 

OF   GOLD. 


Gold  seems  to  have  been  known  fix>m  the  very  banning 
of  the  world.  Its  properties  and  its  scarcity  have  rendered 
it  more  valuable  than  any  other  metal  .$ 

•  Metallurgic  Chem.  p.  140.  f  Od  the  AIlojs  of  Gold,  p.  35. 

X  Gellert's  Metallurgic  Chemistry,  148. 

§  The  fullest  treatise  on  gold  hitherto  published  is  that  by  Dr.  Lsim 
in  his  Philosophical  CouuDcrce  of  the  Arts.    The  accouot  of  gold  m 
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1.  It  is  of  an  orange-red,  or  reddish-yellow  colour,  and  Chap.  in. 
has  no  perceptible  taste  or  smell.     Its  lustre  is  consider*  ^"^'T^^ 
able,  yielding  only  to  that  of  platinum,  steel,  silver,  and  ^°^Id!^* 
mercury, 

f .  It  is  rather  softer  than  silver. 

Its  specific  gravity  is  19*S.* 

S.  No  other  substance  is  equal  to  it  in  ductility  and  mal-  Malleabi- 
leability.     It  may  be  beaten  out  into  leaves  so  thin,  that^^' 
one  grain  of  gold  will  cover  56|-  square  inches.     These 
leaves  are  only  ^.^  ^\  „  ^  of  an  inch  thick.     But  the  gold  leaf 
with  which  silver  wire  is  covered  has  only  ^  of  that  thicks 
ness.     An  ounce  of  gold  upon  silver  wire  is  capable  of  being  ' « 

extended  more  than  1300  miles  in  length.f 

4.  Its  tenacity  is  considerable ;  though  in  this  respect  it  Tenacity, 
yields  to  iron,  copper,  platinum,  and  silver.      From  the 
experiments  of  Sickingen,   it  appears  that  a  gold  wire 
0*078  inch  in  diameter  is  capable  of  supporting  a  weight  of 
150*07  lbs.  avoirdupois,  without  breaking. J 

5,  It  melts  at  82°  of  Wedgewood's  pyrometer.  $     When  Action  of 
melted,  it  assumes  a  bright  bluish-green  colour.  Itexpandsin  ^^^' 

Wasserberg's  Institutlones  Chemiae,  vol.  i.  is,  a  great  part  of  it  at  least, 
nearly  a  translation  of  Dr.  Lewis;  but  it  contains  likewise  several  dis- 
coveries of  posterior  date,  chiefly  made  by  Bergman.  Mr.  Hatcbett't 
Experiments  and  Observations  on  the  Alloys,  Specific  Gravity,  and  com* 
parative  wear  of  Gold,  published  in  the  Phil.  Trans,  ibr  1808,  are  of 
the  utmost  importance,  on  account  of  the  care  with  which  they  were 
made,  and  the  many  mistaken  notions  which  they  have  enabled  us  to 
rectify.  Proust  published  a  valuable  paper  on  gold  in  the  Journal  de 
Physique.  It  was  aflerwards  examined  by  Vauquelin ;  (Ann.  de  Chim. 
Ixxvii.  321),  Oberkamp,  (Ibid.  Ixxx.  140),  and  Berzelius,  (Ibid.  Ixxxiii. 
166.) 

*  The  specific  gravity  of  gold  vanes  somewhat  according  to  its  state^ 
that  being  heaviest  which  has  been  hammered  or  rolled.  Dr.  Lewis 
informs  us  that  he  found,  on  many  different  trials,  t)ie  speciHc  gravity  of 
pure  gold,  well  hammered,  t)etween  19*300  and  19*400.  The  specific 
gravity  of  one  mast  which  he  specifies  was  IQ'376,  (Philosophical  Com- 
merce of  the  Arts,  p.  41).  Brisson  found  the  specific  gravity  of  another 
specimen  of  fine  gold,  hammered,  19-861.  Mr.  Hatchett  tried  gold  of 
«3  carats  3|  grains,  (or  gold  containing  l-96th  of  alloy) ;  its  specific 
gravity  was  19* 277. 

t  See  Shaw's  Boyle,  5.  404,  and  Lewis's  Philosoph.  Commerce  of  the 
Arts,  p.  44.  t  Ann.  de  Chim.  xxv.  9. 

(  According  to  the  calculation  of  the  Dijon  academicians,  it  melts  at 
1998^  Fahrenheit;  according  to  Mortimer,  at  1301^ 
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Book  I.    the  act  of  fusion,  and  consequently  contracts  while  becom* 
Dmsionii.  ^g  ^^jj j  more  than  most  metals ;  a  drcomstance  ^ch 
renders  it  less  proper  for  casting  into  moulds.  * 

It  requires  a  very  violent  heat  to  volatilize  it ;  it  is  there- 
fore, to  use  a  chemical  term,  exceedingly  Jixed.  Gasto 
Clavcus  informs  us  that  he  put  an  ounce  of  pure  gold  in  an 
earthen  vessel,  into  that  part  of  a  glass-house  furnace  where 
the  glass  is  kept  constantly  melted,  and  kept  it  in  a  state  of 
fusion  for  two  months,  yet  it  did  not  lose  the  smallest  por- 
tion of  its  weight.!  Kunkel  relates  a  similar  experiment 
attended  with  the  same  result ;  %  neither  did  gold  lose  any 
perceptible  weight,  after  being  exposed  for  some  hours  to 
the  utmost  heat  of  Mr.  Parker^s  lens.  $  Hombei^,  how- 
ever, observed,  that  when  a  very  small  portion  of  gold  is 
kept  in  a  violent  heat,  part  o(  it  is  volatilized. /{  Thii 
observation  was  confirmed  by  Macquer,  who  observed  the 
metal  rising  in  fumes  to  the  hdght  of  five  or  ux  inches,  and 
attaching  itself  to  a  plate  of  silver,  which  it  gilded  very 
sensibly;**  and  Mr.  Lavoisier  observed  the  very  same  tiling 
when  a  piece  of  silver  was  held  over  gold  melted  by  a  fire 
blown  by  oxygen  gas,  which  produces  a  much  greater  heat 
than  common  air.f  f 

After  fusion,  it  is  capable  of  assuming  a  crystalline  form. 
Tillct  and  Mongcz  obtained  it  in  short  quadrangular 
pyramidal  crystals. 

6.  Gold   is  not  in  the  least  altered  by  being  kept  ex- 
posed to  the  air ;  it  does  not  even  lose  its  lustre.     Neither 
has  water  the  smallest  action  upon  it. 
Oxides.  I  J,  i^  ig  capable,  however,  of  combining  with  oxygen, 

and  even  of  undergoing  combustion  in  particular  circum- 
stances. Tiic  resulting  compound  is  an  oxide  of  gold* 
Gold  must  be  raised  to  a  very  high  temperature  before  it  is 
capable  of  abstracting  oxygen  from  common  air.  It  may 
be  kept  red-hot  almost  any  length  of  time  without  any 
such  change.  I  lombei-g,  however,  observed,  that  when 
placed  in  the  focus  of  Tschimhaus's  burning-glass,  a  little 

•  J^wis's  Philosophical  Commerce,  p.  67. 

t  "  Nee  minimum  de  pondere  decidisse  coiispexi."  Gastonis  Clavei 
Apologia  Argyropoeis  et  Chrysopoess  adversus  lliomam  Erastum,  Tlica- 
trum  Cliemicum,  ii.  17.  J  Lewis,  Philosophical  Commerce,  p.  70. 

i  Kirwaii's  Mineralogy,  i.  92.  ||  Mem.  Par.  1702,  p.  147. 

.     •♦  Dictiomiaire  de  Chimie,  ii.  148.  ft  Kirwan's  Min.  ii.  94. 


GOLD*  485 

of  it  wto  coiiverted  into  a  purple-coloured  oxide ;  and  the  Chap.  in. 
truth  of  his  observations  was  confirmed  by  the  subsequent  ^*"*"v*^ 
experiments  of  Macquer  with  the  very  same  burning-glass.* 
But  the  portion  of  oxide  formed  in  these  trials  is  too  small 
to  admit  of  being  examined.    Electricity  furnishes  a  method 
of  oxidizing  it  in  greater  quantity. 

If  a  narrow  slip  of  gold  leaf  be  put,  with  both  ends 
hanging  out  a  little,  between  two  glass  plates  tied  together, 
and  a  strong  electrical  explosion  be  passed  through  it,  the 
gold  leaf  is  missing  in  several  places,  and  the  glass  is 
tinged  of  a  purple  colour  by  the  portion  of  the  metal  which 
has  been  oxidized.  This  curious  experiment  was  first  made 
by  Dr.  Franklin ;  t  it  was  confirmed  in  1773  by  Camus. 
The  reality  of  the  oxidizement  of  gold  by  electricity  was 
disputed  by  some  philosophers,  but  it  has  been  put  beyond 
the  reach  of  doubt  by  the  experiments  of  Van  Marum* 
When  he  made  electric  sparks  from  the  powerful  Teylerian 
machine  pass  through  a  gold  wire  suspended  in  the  air,  it 
took  fire,  burnt  with  a  green-coloured  flame,  and  was  com- 
pletely dissipated  in  fumes,  which,  when  collected,  proved 
to  be  a  purple  coloured  oxide  of  gold.  This  combustion^ 
according  to  Van  Marum,  succeeded  not  only  in  common 
air,  but  also  when  the  wire  was  suspended  in  hydrogen  gas, 
and  other  gases  which  are  not  capable  of  supporting  com- 
bustion. The  combustion  of  gold  is  now  easily  effected  by 
exposing  gold-leaf  to  the  action  of  the  galvanic  battery. 
I  have  made  it  bum  with  great  brilliancy,  and  a  green- 
coloured  flame,  by  exposing  a  gold  wire  to  the  action  of  a 
stream  of  oxygen  and  hydrogen  gas  mixed  together  and 
burning.  Now,  in  all  cases  of  combustion,  the  gold  is 
oxidiz^.  We  are  acquainted  only  with  two  oxides  of  gold. 
The  protoxide  has  a  green  colour,  the  peroxide  is  reddish^ 

hrown. 

1.  Of  these  the  peroxide  is  most  easily  procured ;  it  is.  Peroxide, 
therefore,  best  known.  It  may  be  procured  in  the  following 
manner:  1  part  of  nitric  and  4  of  muriatic  acid  are 
mixed  together,  and  poured  upon  gold :  an  efiervescence 
takes  place,  the  gold  is  gradually  dissolved,  and  the  liquid 
assumes  a  yellow  colour.    Let  this  solution  be  rendered  as 

•  Diet,  ii.  153. 

f  Lewis's  Pbik>soph.  Commerce,  p.  175.    This  work  was  published 
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•  _ 

Book  I.    sulphuret  has  been  investigated  by  Bacholz  *  and  Ober- 
DivUion  IL  j^ampEt    The  following  are  the  results  which  they  obtained : 

Bacbolz.  Oberkainpf. 

Gold 100        100 

Sulphur 21-95 24*39 

The  analysis  of  Oberkampf  nearly  agrees  with  Berzelius' 
estimate  of  the  composition  of  the  peroxide  of  gold.  The 
two,  therefore,  serve  to  confirm  eadi  other. 
Alloys  with  VII.  There  appears  to  be  a  strong  affinity  between  gold 
•"*"*^  and  arsenic :  but  in  consequence  of  the  great  volatility  of 
the  latter  metal,  it  is  difficult  to  unite  them  by  fusion. 
Bergman  succeeded  in  making  gold  take  up  -^h  of  its 
weiglit  of  arsenic]:  Mr.  Hatchett  added  453  grains  of 
arsenic  to  5307  grains  of  melted  gold,  and,  stirring  the 
whole  rapidly  witli  an  iron  rod,  poured  the  mixture  into  an 
iron  mould.  Only  six  grains  of  the  arsenic  were  retained; 
so  that  tlie  alloy  contained  only  ttf^  ^^  arsenic.  It  had 
the  colour  of  fine  gold;  and  though  brittle,  yet  it  bent  in 
some  measure  before  it  broke.  When  once  united  to  gold, 
arsenic  is  not  easily  expelled  by  heat.  Mr.  Hatchett  dis* 
covered  that  gold  readily  imbibes,  and  combines  with, 
arsenic,  when  heated  to  redness.  A  plate  of  gold  was  ex- 
posed red  hot  to  the  fumes  of  arsenic  by  suspending  it  near 
the  top  of  a  dome,  made  by  luting  one  crucible  inverted 
over  another.  In  tlie  lower  crucible  some  arsenic  was  put, 
and  the  whole  exposed  to  a  common  fire  for  about  15 
minutes.  The  arsenic  had  acted  on  the  gold,  and  combined 
with  its  surface.  The  alloy  being  very  fusible  had  dropped 
off  as  it  formed,  leaving  the  gold  thinner,  but  quite  smootli. 
The  alloy  of  gold  and  arsenic  formed  a  button  in  the  under- 
most crucible.  This  button  had  a  grey  colour,  and  was 
extremely  brittle.§ 
Potusiam,  VIII.  Potassium  and  sodium  may  readily  be  combined 
with  gold  by  heat,  as  Davy  ascertained.  The  alloys  arc 
destroyed  in  the  open  air,  or  when  put  into  water. 

IX.  We  arc  not  acquainted  with  the  action  of  gold 
on  the  metallic  bases  of  the  alkaline  earths  or  earths 
proper. 

Iron,  X.  Iron  unites  very  readily  with  gold  by  fusion  in  all  its 

•  B^itrage,  iii.  171.  t  Ann.  de  Chim.  Ixxx.  144. 

J  Opusc.  ii.  281.  §  On  the  Alloys  of  Gold,  p.  7. 
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states  of  soft  iron,  cast  iron,  and  steel.  The  alloy  was  ex-  Chap.  in. 
amined  by  Mr.  Hatchett,  who  found  it  remarkably  ductile  ^*v*"^ 
when  composed  of  1 1  gold  and  1  iron.  It  was  easily 
rolled  into  plates,  cut  into  blocks,  and  stamped  into  coin, 
without  its  being  necessary  to  anneal  it.  The  colour  was  a 
pale  yellowish  grey  approaching  to  a  dull  white;  its  specific 
gravity  was  16*885.  The  bulk  of  the  metals  before  fusion 
was  2799 ;  after  their  union  the  bulk  was  2843.  Hence 
they  suffer  an  expansion,  as  had  been  previously  noticed  by 
Geliert  Suppose  the  bulk  before  union  to  have  been  lOOO, 
after  union  it  becomes  1014*7.*  This  alloy  is  harder  than 
gold.  Dr.  Lewis  even  says  that  it  is  fit  for  making  edge- 
tools  ;  but  In  that  case  the  proportion  of  iron  was  doubtless 
increased.  When  the  iron  is  three  of  four  times  the  quan- 
tity of  gold,  the  alloy,  according  to  Dr.  Lewis,  has  the 
colour  of  Silver:  f  according  to  Wallerius  it  still  continues 
magnetic. j:     Gold  answers  well  as  a  solder  for  iron. 

XL  Mr.  Hatchett  melted  a  mixture  of  1 1  gold  and  1  Nickd, 
nickel,  and  obtained  an  alloy  of  the  colour  of  fine  brass. 
It  was  brittle,  and  broke  with  a  coarse-grained  earthy  frac- 
ture. The  specific  gravity  of  the  gold  was  19*172 ;  of  the 
nickel  7*8 ;  that  of  the  alloy  1 7*068.  The  bulk  of  the 
metals  before  fusion  was  2792,  after  fusion  2812.  iHence 
they  suffered  an  expansion.  Had  their  bulk  before  fusion 
been  1000,  after  fusion  it  would  have  become  1007*  When 
the  proportion  of  nickel  is  diminished,  and  copper  sub- 
stituted for  it,  the  brittleness  of  the  alloy  gradually  diminishes^ 
and  its  colour  approaches  to  that  of  gold.  The  expansion, 
as  was  to  be  expected,  increases  with  the  proportion  of 
copper  introduced.^ 

XIL  Mr.  Hatchett  melted  together  11  parts  of  gold  and  1  Cobalt, 
part  of  cobalt.  The  alloy  was  of  a  dull  yellow  colour,  very  brit- 
tle and  the  firacture  exhibited  an  earthy  grain.  Its  specific 
gravity  was  17*112.  The  bulk  of  the  metals  before  fusion 
being  1000,  afier  fusion,  became  1001.  Hence  they  ex- 
perienced a  very  small  degree  of  expansion.  The  brittle- 
ness of  gold  alloyed  with  cobalt  continues  when  the  cobalt 
does  not  exceed  ^th  of  the  whole;  but  when  it  is  reduced 
below  that  proportion,  the  gold  becomes  somewhat  ductile.  || 

♦  Hatchett  on  the  Alloys  of  Gold,  p.  37.  t  Phil-  Com.  p.  85. 

J  Wasserberg,  i.  115. 

§  Hatchett  on  the  Alloys  of  Gold,  p.  21. 

II  Hatchett  on  the  Alloys  of  Gold,  p.  19. 
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IMnMon  II.  XIII.  We  are  indebted  to  Mr.  Hatchett  for  tome cnrioiu 
'*  experiments  ob  the  alloy  of  manganese  and  gokL  OUte  oil 
was  repeatedly  mixed  and  burned  with  Uack  oxide  of  man- 
ganese^ after  which  a  piece  of  gold  was  imbeded  in  the 
oxide,  placed  in  a  crucible  lined  with  charcoal,  and  well 
luted.  The  crucible  was  exposed  for  three  hoars  to  a 
strong  heat.  By  this  means  a  portion  irf*  manganese  was 
reduced  and  combined  with  the  gold.  The  alloy  was  ex* 
temally  of  a  pale  yellowish-grey  colour,  with  a  consideraUe 
histrc^  almost  equal  to  that  ct  polished  steeL  It  was  very 
hard,  and  possessed  some  ductility.  The  fracture  was 
coarse,  very  spongy,  and  of  a  reddish-grey  colour.  It  was 
not  altered  by  exposure  to  the  air.  From  the  analyas  of 
Mr.  Bingley,  the  alloy  was  found  to  vary  in  the  pnqxutioa 
of  manganese  from  -^th  to  -^  €if  the  whole.  It  is  nxne 
difficult  of  fusion  than  gold.  When  kept  melted  with  access 
of  air,  the  whole  manganese  is  oxidiaed,  and  swims  on  the 
surfiure.  The  manganese  may  be  separated  by  cupeQalion 
with  lead.* 

XIV.  Hie  alloys  of  gold  with  uranium  and  cerium  are 
unknown. 

XV.  Zinc  may  be  united  to  gold  in  any  proportion  by 
fusion.  The  alloy  is  the  whiter  and  the  more  brittle  the 
greater  quantity  of  zinc  it  contains.  An  alloy,  consisting 
of  equal  parts  of  these  metals^  is  very  hard  and  white, 
receives  a  fine  polish,  and  does  not  tarnish  readily.  It  has, 
therefore^  been  proposed  by  Mr.  HeUotf  as  very  proper 
for  the  ^x^cula  of  tellescopes.  Mr.  HatcheU  united  11 
parts  of  gold  and  1  of  zinc  The  alloy  was  of  a  pale  green- 
ish-yellow  like  brass,  and  very  brittle.  Its  specific  gravity 
was  16*937.  The  bulk  of  the  metals  before  union  was 
1000;  after  it,  997  nearly.  Hence  the  union  is  accom- 
panied with  a  small  degree  of  contraction.  The  brittleness 
continued  though  the  zinc  was  reduced  to  ^th  of  the  alloy, 
^ths  of  coi^r  being  added  to  reduce  the  gold  to  the 
standard  value.  Even  the  fumes  of  zinc  near  melted  gold 
are  sufficient  to  render  the  precious  metal  britde.^  HeUot 
affirms,  that  when  1  part  of  gold  is  alloyed  with  7  of  unc, 
if  the  zinc  be  elevated  in  tlie  state  of  flowersi  the  whole  of 
the  gold  rises  along  with  it. 

•  Hatchett  on  the  Alloys  of  GoU,  p.  88.       f  Mem.  Acad.  Par.  17Si. 
i  Hatchett  on  the  Alloys  of  Gold,  p.  17. 
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XVL  Gold  combines  very  readily  with  bismuth  by  fusion.  Chap.  ill. 
An  alloy  composed  of  1 1  gold  and  1  bismuth  was  found  by  ^"^"sr^ 
Hatchett  to  have  a  greenish  yellow  colour,  like  bad  brass.  It  *>«"^*» 
was  very  brittle,  and  had  a  6ne  grained  earthy  fracture.  Its 
specific  gravity  was  18'038.  The  bulk  of  the  metals  before 
fbsion  was  1000,  after  it  only  988.  They  had  suffered, 
therefore,  a  considerable  contraction.  The  properties  of 
the  alloy  continued  nearly  the  same  when  the  bismuth 
amounted  to  ^th  of  the  compound ;  the  requisite  quantity 
of  copper  to  reduce  the  gold  to  standard  h&ng  added. 
When  the  bismuth  was  diminished  beyond  tfab  proportion^ 
the  colour  of  the  alloy  became  nearly  that  of  gold;  but  its 
brittlehess  continued  even  when  the  bismuth  did  not  exceed 
I  ft'^feth  of  the  mass.  As  the  proportion  of  bismuth  dimi- 
nished, and  that  of  the  copper  increased  (the  gold  being 
always  standard),  the  contraction  disappeared,  a^d  an 
expansion  took  place,  which  was  soon  much  greater  than 
when  copper  alone  was  used  to  alloy  the  gold.  This  curious 
progression  will  appear  evident  from  the  following  table.* 


Metals. 

Grains. 

SpecKic  gra- 
vity \)f  alloy. 

Bulk  be- 
fore 
fusion. 

Do.  after. 

Change 
ofbcdk. 

Gold 
Bismuth 

443 
38 

18-038 

1000 

988 

-12 

Gold 

Copper 

Bismuth 

442 
30 

8 

17'302 

1000 

1018 

+  18 

Gold 

Copper 

Bismuth 

442 
34 

4 

16-846 

1000 

1044 

+  44 

Gold 

Copper 

Bismuth 

442 
37-5 
0-5 

16-780 

1000 

• 

1047 

+*7 

Gold 

Copper 

Bismuth 

442 
37*75 
0*25 

17-495 

1000 

1027 

+27 

So  great  is  the  tendency  of  bismuth  to  give  brittleness  to 
gold,  that  the  precious  metal  is  deprived  of  its  ductili^, 

*  The  spedfic  fpuntj  of  the  gold  was  19*179  (it  was  3S  caraU  8  i 
graiiu  fine)|  of  tihe  bismath  9'838y  of  the  copper  8'895. 


49S 


SIMPLE   COMBUSTIBLS8. 


Book  I.    merely  by  keepiDg  it,  while  in  fusion,  near  bismath  raised 
DiTitioDlL  jQ  ^jjg  same  temperature.* 

XVIL  When  11  parts  of  gold  are  melted  with  one  of 
Letd,  lead,  an  alloy  is  formed,  which  has  externally  the  colour  d 
gold,  but  is  rather  more  pale.  It  is  exceedingly  brittle, 
breaking  like  glass,  and  exhibiting  a  fine-grained  firacture, 
of  a  pale  brown  colour,  without  any  metallic  lustre,  and 
having  the  appearance  of  porcelain.  The  brittleness  conti- 
nues even  when  the  proportion  of  lead  is  so  far  dimimshed 
that  it  amounts  only  to  ttut^  ^^  ^^  alloy.  Even  the  fumes 
of  lead  are  sufficient  to  destroy  the  ductility  of  gold.  The 
qpedfic  gravity  of  the  alloy  of  11  gold  and  1  lead  is  18*080, 
which  is  somewhat  less  than  the  mean ;  so  that  the  metals 
undergo  an  expansion.  This  expansion  increases  as  the 
lead  diminishes  (the  gold  remaining  the  same,  and  the  defi- 
ciency being  supplied  by  copper),  and  becomes  a  maximum 
when  the  lead  amounts  only  to  j^^  of  the  alloy.  The 
following  table  exhibits  a  view  of  this  remarkable  expansion: 


McttU. 

6niDt. 

Specific  rra- 

vitjT  of  alloy. 

< 

dulk  be- 
fore 
unkm. 

Do.  after. 

Expan- 
sion. 

Gold 
Lead 

442 
38 

18-080 

1000 

1005 

5 

Gold 
Lead 
Copper 

442 
19 
19 

17-765 

1000 

1005 

6 

Gold 

442 

30 

8 

17-312 

1000 

1022 

22 

Gold 

iSS" 

442 

34 

4 

17-032 

1000 

1035 

35 

Gold 

442 
37-5 
0-5 

16-627 

1000 

1057 

57 

Gold 

442 
37-75 
0-25 

17-039 

1000 

1031 

Sit 

*  See  Hatchett  on  the  Alloys  of  Goldy  p.  26. 

t  See  Hatchett  on  the  Alloys  of  Gold,  p.  S9aixl67« 
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XVIII.  Tin  unites  readily  with  gold  by  fusion,  and  was  Chap.  m. 
cupposed  by  the  older  chemists  to  have  the  property  of  .T""^'^*"'^ 
communicating  brittleness  to  the  alloy  in  how  small  a  por-      ' 
tion  soever  k  was  united  to  the  precious  metal ;  but  later 

and  more  precise  experiments  have  shown  that  this  opinion 
was  ill  founded.  The  mistake  was  first  removed  by  Mr. 
Alchome,  in  a  set  of  experiments  on  this  alloy  published  in 
the  Philosophical  Transactions  for  1784;  and  these  have 
been  amply  confirmed  by  the  subsequent  trials  of  Mr.  Hat- 
chett  An  alloy  of  1 1  gold  and  1  tin  has  a  very  pale  whi- 
tish colour ;  brittle  when  thick ;  but  when  cast  thin,  it  bends 
easily,  but  breaks  when  passed  between  rollers.  The 
fracture  is  fine  grained,  and  has  an  earthy  appearance.  The 
specific  gravity  of  this  alloy  was  1 7*307.  The  bulk  of  the 
two  metals  before  fusion  bang  reckoned  1000,  afier  fusion, 
it  was  reduced  to  981 ;  so  that  the  metals  contract  very  con- 
siderably by  uniting  together.*  When  gold  was  made 
standard  by  equal  parts  of  tin  and  copper,  an  alloy  was 
obtained  of  a  pale  yellow  colour,  and  brittle ;  but  when  the 
tin  amounted  only  to  -^^  of  the  whole,  the  alloy  was  perfectly 
ductilcf  Indeed,  from  the  experiments  of  Mr.  Alchome, 
we  learn,  that  when  gold  is  alloyed  with  no  more  than  rji^th 
of  tin,  k  retains  its  ductility  sufficiently  to  be  rolled  and 
stamped  in  the  usual  way.  But  Mr.  Tillet  showed,  as  was 
indeed  to  have  been  expected,  that  when  heated  to  redness, 
it  falls  to  pieces,  owing  to  the  fusion  of  the  tin.  Both  of 
these  facts  have  been  confirmed  by  the  late  experiments  of 
Mr.  Bingley.  He  found  that  an  alloy  of  gold  with  ^th  of 
tin,  when  annealed  in  a  red  heat,  just  visible  by  day-light, 
which  is  equal  to  5°  of  Wedgewood,  was  quite  ductile,  and 
capable  of  being  worked  into  any  form ;  but  when  heated  to 
a  cherry  red,  or  to  10®  Wedgewood,  blisters  began  to 
appear  on  the  surface  of  the  bar ;  its  edges  curled  up ;  and 
at  last  it  lost  its  continuity,  and  fell  into  a  dark-coloured 
mass  with  little  of  the  metallic  lustre.it 

XIX.  The  alloy  of  gold  and  copper  is  easily  formed  by  Copp:r, 
melting  the  two  metals  together.     This  alloy  is  much  used, 
because  copper  has  the  property  of  increasing  the  hardness 

of  gold  without  injuring  its  colour.     Indeed  a  little  copper 

*  Hatchett,  on  the  Alloys  of  Gold,  p.  39.  f  Hatchett,  Ibid. 

Ibid. 
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Book  I.    heightens  the  colour  of  gold  without  diminishiiig  Us  dvcti- 
Division  II.  jj^y^    f  ^jg  gj^Qy  [g  more  fusible  than  gold^  and  is  therefore 

^"^^^^""^  used  as  a  solder  for  that  precious  metal.*  Copper  increases 
likewise  the  hardness  of  gold.  According  to  Mnschen- 
broedLy  the  hardness  of  this  alloy  is  a  nuudmnm  when  it  k 
composed  of  7  parts  of  gold  and  1  of  oopper.f  Gdd  alloyed 
with  -^lifth  of  pure  copper  by  Mr.  Hatdiett,  was  perfectly 
ductile^  and  of  a  fine  yellow  colour,  inclining  to  red.  Its 
specific  gravi^  was  17"157«  This  was  below  the  mean. 
Hence  the  metals  had  suffered  an  expansion*  Their  bulk 
before  union  was  2732,  after  union  279a.  So  that  916^  of 
gold  and  8S4-  of  copper  when  united,  instead  of  occupying 
the  space  of  1000,  as  would  happen  were  there  no  expansion, 
become  1024.^ 

CM  ooin.  Gold  coin,  sterling  or  standard  gold,  consists  of  pure  gold 
alloyed  with  f^th  of  some  other  metal*  The  metal  used  is 
always  either  copper  or  silver,  or  a  mixture  of.  both,  as  is 
most  common  in  British  coin.  Now  it  appears  lYiat  when 
gold  is  made  standard  by  a  mixture  of  equal  weights  of  silver 
and  copper,  that  the  expansion  is  greater  than  when  the 
copper  alone  is  used,  though  the  qiecific  gravity  of  gold 
alloyed  with  silver  differs  but  little  from  the  mean.  The 
specific  gravity  of  gold  alloyed  with  -^th  of  silver  and  -^  of 
copper  was  1 7*344<.  The  bulk  of  the  metals  before  combina- 
tion was  2700 ;  after  it  2767.§     We  learn  fi^m  the  experi- 

•  Wasserberg,  i.  112.  f  Ibid. 

I  Hatchett  on  the  Alloys  of  Gold,  p.  66.  The  gold  was  already  al- 
k>yed  with  l-96th  of  copper;  the  expansion,  had  the  gold  been  pare, 
would  have  been  greater.  For  the  specific  );ravity  of  an  alloy  of  11 
gold  and  1  copper,  (supposing  the  spedfic  gravity  of  gold  19*3,  of  cop- 
per 8*9),  should  be  by  calculation  17*58.     Its  real  spedfic  gravity  b 

only  ir-isr. 

§  The  first  guineas  coined  were  made  standard  by  silver,  afterwards 
copper  v^as  added  to  make  up  for  the  deficiency  of  the  alloy  ;  and  as  the 
proportion  of  the  silver  and  copper  varies,  the  specific  gravity  of  our 
gold  coin  is  various  also. 

The  spedfic  gravity  of  gold  made  standard  by  silver  is 17*927 

copper 17-157 

silver  and  copper  17'S44 
The  following  trials  made  by  Mr.  Ilatchett  will  show  the  spedfic 
gravity  of  our  coins  in  different  reigns. 

Reign.  Date.    Specific  gravity. 

Charles  II.  a  five-guinea  piece 1681         17-825. 

James  II.      a  two-guinea  piece 1687        17'634. 
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I  of  Mr.  Hatdiett  tliat  our  standard  gold  sofiers  less  <^^P-  ^^ 

friction  than  pure  gold,  or  gold  made  standard  by  any  ^**v*"^ 

metal  besides  silrer  and  copper ;  and  that  the  stamp 

t  so  liable  to  be  oUiterated  as  in  pure  gold.    It  there- 

nswers  better  for  oun.    A  pound  of  standard  gold  is 

i  into  -l^^-  guineas. 

i..  The  amalgam  of  gold  is  formed  very  readily,  be-  Meicdiy^ 

there  is  a  very  strong  affinity  between  the  two  metals. 

bit  of  gold  be  dipped  into  mercury,  its  surface,  by 

ining  with  mercury,  becomes  as  white  as  silver.     The 

t  way  of  forming  this  amalgam  is  to  throw  small  pieces 

l-hot  gold  into  mercury  heated  till  it  begins  to  smoke. 

proportions  of  the  ingredients  are  not  determinablef 

se  they  combine  in  any  proportion.     This  amalgam  is 

ilvery  whiteness.     By  squeezing  it  through  leather,  the 

i  of  mercury  may  be  separated,  and  a  soft  white  amal- 

)btained,  which  gradually  becomes  solid,  and  consists 

mt  1  part  of  mercury  to  2  of  gold.     It  melts  at  a  mo- 

3  temperature;    and  in  a  heat  below    redness   the 

»gn.  Date.  Specific  gravity. 

.LI  AM  III.  a  five-gainea  piece 1701  17*710. 

RGE  I.  a  quarter-goinea 1718  16*894. 

ROE  II.  a  guinea 1735  17*637. 

■    ■  a  two-guinea  piece 1740  17*848. 

'BgeIII.  aoneguinea 1761  17*^737. 

— — ^»  aoneguinea 1766  17*656. 

-—  a  one  guinea 1774  17*726. 

—  a  one  guinea 1775  17*698. 

— — -«  a  one  guinea  1776  17*486. 

—  a  one  guinea 1777  17*750. 

-— *— —  a  one  guinea 1782  17*202. 

>—  a  one  guinea 1786  17*465. 

■  a  one  guinea 1788  17*418. 

five  guineas 1793  17*712. 

— —  ten  half-guineas 1801  17*750. 

-— ^—  15  seven-shilling  pieces* 1802  17*793. 

apposing  guineas,  half-guineas,  and  seven-shilling  pieces,  to  be 
rom  the  same  metal,  there  is  reason  to  expect  (in  a  given  oompa- 
sum  of  each)  an  increase  of  specific  gravity  in  the  smaller  corns, 
itural  consequence  of  rolling,  punching,  annealing,  blanching,  niil- 
nd  stamping ;  the  effects  of  which  must  become  more  evident  in 
tion  to  the  number  of  the  small  pieces  required  to  form  a  given 
'  the  larger  coins. 

average  specific  gravity  of  our  gold  coin,  at  the  present  time, 
-obably  be  estimated  at  17*724. 
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Book  I.    mercury  eviqooratcs,  and  leaves  the  gold  in  a  state  of  parity; 
Vtfrnoall'  ]^  jg  much  used  m  gilding.    The  amalgam  is  spread  upod 
^"^^^^""^  the  metal,  which  is  to  be  gilt;  and  then  by  the  applicadcm 
of  a  gentle  and  equal  heat,  the  mercury  is  driven  cS^  and  the 
gold  left  adhering  to  the  metallic  sur&ce ;  ^this  sur&ce  is 
then  rubbed  with  a  brass  wire  brush  under  water,  and  after- 
wards burnished** 
filfcr.  XXI.  When  silver  and  gold  are  kept  melted  together, 

they  combine,  and  form  an  alloy  composed,  as  Homberg 
ascertained,  of  1  part  of  silver  and  5  of  gold*  He  kept 
equal  parts  of  gold  and  silver  in  gentle  fusion  for  a  quarter 
of  an  hour,  and  found,  on  breaking  the  crucible,  two  masses, 
the  uppermost  of  which  was  pure  silver,  the  undermost  the ' 
whole  gold  combined  with  ^  of  silver.  Silver,  however, 
may  be  melted  with  gold  in  almost  any  proportion ;  and  if 
the  proper  precautions  be  employed,  the  two  metals  remain 
combined  together. 

The  alloy  of  gold  and  sOver  b  harder  and  more  sonorous 
than  gold.  Its  hardness  is  a  maximum  when  the  alloy 
contains  2  parts  of  gold  and  1  of  silver.f  The  densi^  of 
these  metals  is  a  little  diminished,}  and  the  colour  of  the 
gold  is  much  altered,  even  when  the  proportion  of  the  silver 
is  small ;  1  part  of  silver  produces  a  sensible  whiteness  in 
20  parts  of  gold.  The  colour  is  not  only  pale,  but  it  has 
also  a  very  sensible  greenish  tinge,  as  if  the  light  reflected 
by  the  silver  passeil  through  a  very  thin  covering  of  gold. 
This  alloy,  being  more  fusible  than  gold,  is  employed  to 
solder  pieces  of  that  metal  together. 


SECT.  II. 

OF    PLATINUM. 


Gold,  the  metal  just  described,  was  known  in  tlie  earliest 
ages,  and  has  been  always  in  high  estimation,  on  account  of 
its  scarcity,  beauty,  ductility,  and  indestructibility.  But 
platinum,  though  perhaps  inferior  in  few  of  these  qualities, 

•  Gellert's  Metallurgic  Chemistry,  375,  and  Lewis,  PhiL  Com.  p.  75. 
t  Muschenbrofk.  j  Hatcbett. 

•     1 
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Vai  bettainly  far  superior  in  others,  was  unknown  in  Europe^  Chap.  lit. 
as  a  distinct  metal,  before  the  year  1749.*  ^^— ^^— ^ 

I.  It  has  hitherto  been  found  only  in  America,  in  Choco  History  of 
in  Peru,  and  in  the  mine  of  Santa  Fe^  neat  Carthagena.  ^*^^""- 
Vauquelin  has  lately  discovered  it  in  considerable  quantity 
in  the  silver  mines  of  Guadalcanal,  in  the  province  of  Estre- 
madura  in  Spain.f  The  workmen  of  the  American  mines 
must  no  doubt  have  been  early  acquainted  with  it  i  and  in- 
deed some  of  its  properties  are  obscurely  mentioned  by  some 
of  the  writers  of  the  16th  century.  Mr.  Charles  Wood, 
assay-master  in  Jamaica,  saw  it  in  the  West- Indies  about 
the  year  1741.  He  gave  some  specimens  of  it  to  Dr.  Brown<* 
rigg,  who  presented  it  to  the  Royal  Society  in  1750.  In 
1748  it  was  noticed  by  Don  Antonio  de  UUoa,  a  Spanish 
mathematician,  who,  in  1735,  had  accompanied  the  French 
academicians  to  Peru  in  their  voyage  to  measure  a  dc^ee 

*  Father  Cortinovis,  indeed,  has  attempted  to  prove  that  this  raetal 
was  the  electrum  of  the  ancients.  See  the  Chemical  Annals  of  Bnig- 
natelli,  1790.  That  the  electrum  of  the  ancients  was  a  meul,  and  a 
very  valuable  one,  is  evident  from  many  of  the  ancient  writers,  parti- 
cularly Homer.  The  following  lines  of  Claudian  are  alone  sufficient  to 
prove  it : 

*'  Atria  clnxit  ebur,  trabibus  solidatur  iihenis 

^  Culmen  et  in  celsas  surgunt  electra  columnas.^'       L.  I.*  v.  104. 

Pliny  gives  us  an  account  of  it  in  his  Natural  History.  He  informs 
ns  that  it  was  a  composition  of  silver  and  gold ;  and  that  by  candle  light 
it  shone  with  more  splendour  than  silver.  The  ancients  made  cups, 
statues,  and  columns  of  it.  Now,  had  it  been  our  platinum,  is  it  not 
rather  extraordinary  that  no  traces  of  a  metal,  which  mu&t  have  been 
pretty  abundant,  should  be  perceptible  in  any  part  of  the  old  continent? 

As  the  passage  of  Pliny  contains  tlie  fullest  account  of  electrum  to  b^ 
found  in  any  ancient  author,  I  shall  give  it  in  his  own  words,  that  every 
one  may  have  it  in  his  power  to  judge  whether  or  not  the  description 
will  apply  to  the  platinum  of  the  modems. 

<'  Omni  auro' inest  argentum  vario  pondere.— Ubicunque  quinta  argen- 
ti  portio  est,  electrum  vocatun  Scrobes  es  reperiuntur  in  Canaliensi. 
Fit  et  cura  electrum  argento  addito.  Quod  si  quintam  portionem  ex- 
cessit  incudibus  non  restitit.  £t  electro  auctoritas,  Homero  teste,  qui 
Menelai  regiam  auro,  electro,  argento,  ebore  fulgere  tradit.  Minerva 
templum  babet  Lindos  insulae  Rhodiorum  in  quo  Helena  sacravit  cali- 
cem  ex  electro. — Electri  natura  est  ad  lucemarum  lamina  clarius  aigeuto 
tplendere.  Quod  est  nativujn  et  venena  depreheadic.  Naxnque  discor- 
ront  in  calidbiis  arcus  ccelestibos  similes  cum  igneo  stridora^  et  gemiaa 
ratione  prardicant.*'—* lib.  xxxiii.  cap.  iv. 

f  Ann.  de  Chim.  Ix.  317. 

VOL«  I.  2  K 
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Book  I  of  the  meridian.  A  paper  on  it  was  pubfiihed  by  Bfh 
Division  IL  i^Qod  in  the  44th  volume  of  the  Philosophical  Tranno- 
tions  for  1749  and  1750.  Dr.  Lewis  b^;an  a  set  of  eipe- 
riments  on  it  in  1749,  the  result  of  which  was  published  in 
four  papers  in  the  Philosophical  Transactions  for  1754^  and 
afterwards  two  other  papers  were  added.*  These  experi- 
ments demonstrate  its  peculiar  nature  and  its  remarkable 
properties.  In  1752,  Scheffer  of  Sweden  published  a  dis- 
sertation on  this  metal,  remarkable  for  its  precision,  if  we 
consider  the  small  quantity  of  ore  on  which  he  had  to  work, 
which  was  not  more  than  40  grdns.  Hie  experiments  of 
Lewis  were  repeated,  and  many  curious  additions  made  to 
them  by  Margraff  in  1757.t  Hiese  dissertations  having 
been  translated  into  French,,  drew  the  attention  of  the  che- 
mists of  that  country,  and  induced  Macquer  and  Baum^} 
to  make  a  set  of  experiments  on  platinum^  which  were  soon 
followed  by  the  experiments  of  Buffim,  Tillet,  and  Mot- 
veau;§  Sickengen,||  Bergman,**  Lavomer,-^  and  more 
lately  Mussin  Puschkin,^  and  Morveau  ;§§  and  several  other 
chemists  of  eminence  have  added  to  our  knowledge  of  this 
mineral.  But  the  experiments  ofBerzeUus||||  and  fxlmond 
Davy***  have  added  most  to  our  knowledge  of  its  combi- 
nations. 

Cru4e  platina  comes  firom  America  in  small  flat  grains  of 
a  silvery  lustre.  In  this  state  it  is  exceedingly  impure,  con- 
taining, citha*  meclianically  mixed,  or  chemically  united,  no 
less  than  nine  other  metals;  but  it  may  be  reduced  nearly  to 
Purifica-  a  state  of  purity  by  the  following  process.  Dissolve  the 
grains  in  conccntratcil  nitro-muriatic  acid  with  as  little  heat 
as  possible.  Decant  the  solution  irom  the  black  matter  which 
resists  the  rxtion  of  the  acid.  Drop  into  it  a  solution  of  ^Z 
ammoniac.  An  orange  yellow-coloured  precipitate  falls  to 
the  bottom.  .V:.h  this  precipitate;  and  when  dry,  expose 
it  to  a  heat  slowly  raised  to  redness  in  a  porcelain  crucible, 

•  Phil.  Trans,  xlnii.  638,  and  I.  148.    See  also  PkiL  Com.  p.  443, 
for  a  fuJl  detail  of  all  the  experiments  on  this  metal  made  before  1763. 
t  Mem.  Berlin.  1757,  p.  31,  and  Mai^graff's  Opusc.  ii.  326. 
J  Mem.  Par.  1758,  p.  119.  §  Jour,  de  Phys.  iii.  234. 

II  Macquer's  Dictionary.  ♦•  Opusc.  ii.  166. 

tt  Ann.  de  Chim.  v.  137.  J I  Ann.  de  Chim.  xxiv.  205. 

§«  Ibid.  XXV.  3.  nil  Ibid.  l«xiii.  167. 

•••  Phil.  Mag.xl.  37,  209^  263,  350. 
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^e  powder  which  remains  is  platinum  nearly  pure.    By  Chap.  ill. 
redissolving  it  in  nitro-muriatic  acid,  and  rq)eating  the  """"ST'^ 
whole  process,  it  may  be  made  still  purer.     When  these 
grains  are  wrapt  up  in  a  thin  plate  of  platinum,  heated  to 
redness,  and  cautiously  hammered,  they  unite,  and  the  whole 
may  be  formed  into  an  ingot* 

1.  Platinum,  thus  obtained,  is  of  a  white  colour  like  sil-  Properties, 
▼er,  but  not  so  brightf     It  has  no  taste  nor  smell. 

2.  Its  hardness  is  intermediate  between  that  of  copper 
and  iron.  Its  specific  gravity  when  reduced  from  the  am- 
monio-muriate  by  heat  is  21*47.  By  hammering  it  may  be 
increased  tH^^  »  ^^  ^^^^  ^^  maximum  specific  gravity  is 
21-53184 

3.  It  is  exceedingly  ductile  and  malleable;  it  may  be 
hammered  out  into  very  thin  plates,  and  drawn  into  wires 
not  exceeding  yj^  inch  in  diameter.  In  these  properties 
it  is  probably  inferior  to  gold,  but  it  seems  to  surpass  all  the 
other  metals. 

4.  Its  tenacity  is  such,  that  a  wire  of  platinum  0*078  inch 
in  diameter  is  capable  of  supporting  a  weight  of  274*31  lbs. 
avoirdupois  without  breaking.§ 

5.  It  is  one  of  the  most  infiisible  of  all  metals^  and  cannot 
be  melted  in  any  quantity  at  least,  by  the  strongest  artificial 
heat  which  can  be  produced.  Macquer  and  Baum^  melted 
small  particles  of  it  by  means  of  a  blow-pipe,  and  Lavoisier 
by  exposing  them  on  red  hot  charcoal  to  a  stream  of  oxygen 
gas.  II  It  may  indeed  be  melted  without  difficulty  when  com- 
bined or  mixed  with  other  bodies,  but  then  it  is  not  in  a  state 
of  purity.  Pieces  of  platinum,  when  heated  to  whiteness^ 
may  be  welded  together  by  hammering  in  the  same  manner 

•  as  hot  iron. 

6.  This  metal  is  not  in  the  smallest  degree  altered  by  the 
action  of  air  or  water. 


•  Phil.  Mag.  xxi.  175. 

t  To  this  colour  it  owes  its  name.     Plata,  in  Spanish,  is  '*  silver;  '^ 
and  platina,  *^  little  silver/'  was  the  name  first  given  to  the  metal 
Bergman  changed  that  name  into  platinum,  that  the  Latin  names  of  all 
the  metals  might  have  the  same  termination  and  gender.     It  had  beeo, 
however,  called  platinum  by  linnsus  long  before. 

J  Dr.  WoUaston.  §  Morveau,  Ann.  de  Chim.  xxv.  7. 

II  Dr.  Clarke,  by  means  of  his  oxygen  and  hydrogen  gas  blow-pipe, 
melted  pieces'of  platinum  weighing  100  grains.        ^ 

2  K  2 
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Bo6k  I.        IL  It  cannot  be  combined  with  oxygen  and  convertal 

DmsUrn  II.  ^^  ^^  oxide  by  the  strongest  artificial  heat  of  our  fumaco. 

q![J]J^^^  Platinum^  indeed,  in  the  state  in  which  it  is  brought  from 

America,  may  be  partially  oxidized  by  exposure  to  a  violent 

heat,  as  numerous  experiments  have  proved;  but  in  that 

state  it  is  not  pure,  but  combined  with  a  quantity  of  iron. 

It  cannot  be  doubted,  however,  that  if  we  could  subject  it 

to  a  sufficient  heat,  platiuum  would  bum,  and  be  oxidized 

like  odier  metals :  for  when  Van  Marum  exposed  a  wire  of 

platinum  to  the  action  of  his  powerful  electrical  machine,  it 

burnt  with  a  faint  white  flame,  and  was  dissipated  into  a 

species  of  dust,  which  proved  to  be  the  oxide  of  platinum* 

By  putting  a  platinum  wire  into  the  flame  produced  by  the 

combustion  of  hydrogen  gas  mixed  with  oxygen,  I  caused  it 

to  burn  with  all  the  brilliancy  of  iron  wire^  and  to  emit 

sparks  in  abundance. 

At  present  only  twooxides  ofplatinum  are  known;  thepro^ 
toxtde  has  a  black  colour  but  theperoxicie  is  dark  hnmrn  or  grei^* 
Protosidc  1.  The  protoxide  may  be  obtained  by  pouring  a  neutral 
solution  of  mercury  into  a  dilute  solution  of  muriate  ofpla- 
tinum in  hot  water.  A  dense  powder  precipitates,  varying 
in  colour  from  deep  brown  to  yellow  and  sometimes  olive 
green.  It  is  a  mixture  of  calomel  and  protoxide  of  plati- 
num. It  must  be  carefully  washed  and  dried  and  then  ex- 
posed to  a  heat  just  sufficient  to  volatib'ze  the  calomel.  A 
deep  black  powder  remains  which  is  the  protoxide.  One 
hundred  grains  of  it  when  heated  to  redness  give  off  12^ 
cubic  inches  of  oxygen  gas  and  are  reduced  to  the  metallic 
state.  When  heated  with  lamp  black  it  gives  out  the  same 
proportion  of  carbonic  acid  and  is  reduced  to  the  metallic 
state.  Mr.  Cooper  to  whom  we  are  indebted  for  the  dis- 
covery of  this  oxide  found  that  it  might  be  heated  strongly 
when  mixed  with  enamellers'  flux  without  being  reduced 
On  this  account  he  considers  it  as  a  valuable  addition  to  the 
colours  of  enamellers.*  From  the  preceding  experimentf 
it  follows,  that  protoxide  ofplatinum  is  composed  o{ 

Platinum 100 

Oxygen    4*425 

Hence  an  atbm  of  platinum  must  weigh  22*625,  and  an 
atom  of  protoxide  of  platinum  23*625. 

*  Royal  Institution  Journal,  iii.  119. 
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9.  The  peroxide  of  platinum  appears  to  be  a  compound  Chip.  III. 
<5f  1  atom  metal  and  8  atoms  oxygen,  or  to  be  a  tritoxide*  p""'^(j*' 
No  accurate  account  of  it  has  been  hitherto  published.  But 
Mr.  Edmond  Davy  has  ascertained  that  when  his  fulminat- 
ing platinum  is  treated  with  nitric  acid  and  heated  cautiously 
a  grey  oxide  remains,  which  he  concludes  from  his  experi- 
ments to  be  composed  of 

Platinum 100 

Oxyjgen 11'86 

Ber^elius  endeavoured  to  obldin  the  peroxide  of  platinum 
by  the  following  process.  He  decomposed  the  muriate  by 
adding  an  excess  of  sulphuric  acid.  This  excess  was 
distilled  off  and  the  sulphate  of  platinum  decomposed  by 
caustic  potash  added  in  slight  excess.  The  peroxide  sepa* 
rates  in  the  form  of  a  light  yellowish-brown  bulky  powder. 
When  this  powder  is  heated  it  becomes  dark  brown,  almost 
black,  and  gives  out  water.  When  the  peroxide  of  platinum 
is  exposed  to  a  high  temperature  it  is  reduced  to  the  metallic 
state  giving  out  oxygen  gas.  It  dissolves  in  the  fixed  alka- 
lies both  when  caustic  and  when  in  the  state  of  carbonates. 
It  combines  likewise  with  lime,  strontian,  and  barytes.  This 
is  the  oxide  which  constitutes  the  base  of  the  platinum  salts.* 
According  to  the  experiments  of  Berzelius  it  contains  twice 
as  much  oxygen  as  the  protoxide.  It  is  therefore  a  com- 
pound of 

Platinum 100 

Oxygen    16*494f 

The  mean  of  Berzelius*  numbers  and  those  of  Edmond 
Davy  would  give  14*1 77  for  the  oxygen  in  the  peroxide. 
Now  this  does  not  differ  much  from  13*269  the  quantity  of 
oxygen,  which  would  be  requisite  to  form  a  tritoxide. 

III.  Platinum  does  not  take  fire  when  introduced  into  Chlorides, 
chlorine  gas ;  but  it  slowly  imbibes  the  gas  and  is  converted 
into  a  chhride.  Mr.  Edmond  Davy,  to  whom  we  are  in- 
debted for  all  the  fects  respecting  Uiis  combination  at  pre- 
sent known,  is  pf  opinion  that  there  are  two  chlorides  of 
platinum.  The  protochloride  is  soluble  in  water  and  has 
not  been  much  examined.    The  perchhride  is  an  insoluble 

^  Berzelius;  lArboki>Kemien,  ii.488.. 
,  t  Phil.  Mag.  xL  1171. 
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Bookl.   powder.    But  the  existence  of  this  last  only  has  been  deidy 

TnSS^      To  obtain  this  chloride  pure  platinum  is  to  be  boiled  in 
■'^  strong  muriatic  acid  adding  occasionally  a  little  nitric  acid. 

The  solution  is  to  be  evaporated  to  dryness  and  then  di« 
gested  with  a  litde  muriatic  acid  which  is  likewise  to  be 
driven  off  The  dry  mass  is  to  be  cautiously  heated  nearly 
to  redness  and  boiled  with  a  considerable  quantity  of  water. 
Being  now  dried  it  is  pure  chloride  of  platinum. 

Its  colour  is  dull  olive  brown  or  green.  It  has  rather  a 
harsh  feel ;  but  is  destitute  of  taste  and  smdL  It  is  infusi- 
ble. It  does  not  appear  to  be  altered  by  exposure  to  the 
atmosphere  and  it  is  scarcely  soluble  in  water.  When 
heated  to  redness  the  chlorine  is  driven  off  and  pure  plati* 
num  remains.  It  is  slightly  soluble  in  boiling  muriatic  add 
but  it  is  insoluble  in  nitric,  sulphuric,  phosphoric,  and  acetic 
acids.  When  boiled  in  potash  ky  a  black  powder  is  ob- 
tained which  yields  both  oxygen  and  chlorine  by  heat.t 
When  it  is  heated  with  sulphur  or  phoqphcmis,  chlorides  c^ 
sulphur  and  phosphorus  are  obtained  and  phosphorus  or 
sulphuret  of  platinum.  According  to  the  experiments  of 
Mr.  Eduiond  Davy,  the  chloride  of  platinum  is  composed  of 

Platinum ....  100       or  nearly  12*125 
Chlorine  ....     37*93  4*5 

From  this  analysis  we  see  that  it  is  a  compound  of  1  atom 
^     platinum  +  2  atoms  chlorine.    The  soluble  chloride,  if  it 
be  really  distinct,  must  be  the  protoddoride. 

IV.  The  iodide  of  platinum  has  not  been  examined. 
We  are  ignorant  of  the  action  of  fluorine  on  this  metal. 

It  does  not  combine  with  azote,  hydrogen,  carbon,  boron, 
or  silicon. 

V.  It  unites  in  two  proportions  with  phosphorus.  For 
our  knowledge  of  these  two  combinations  we  are  indebted 
to  Mr.  Edmond  Davy.f 

^tophot-      1.  Protophosphuret  of  platinum  may  be  obtained  by  heat- 

pbureu      ^  phosphorus  and  platinum  in  an  exhausted  glass  tube. 

At  a  temperature  considerably  below  redness  they  combine 

with  vivid  ignition  and  flame.  Protophosphuret  of  platinum 

has  a  bluish  gray  colour.    When  it  has  undergone  iiision 

*  Phil.  Mag.  xl.  871.  f  Is  not  this  the  protoxide  of  BeneUos  ? 

t  Phil.  Mag.  xl.  dS. 
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its  lustre  is  little  inferior  to  that  of  lead.    It  crystallizes  in  Chap.  III. 
cubes.    Its  specific  gravity  while  porous  is  6.    It  is  desti-  ^'**"^^^"^ 
tute  of  taste  and  smelL    It  is  a  nonconductor  of  electricity. 
When  strongly  heated  on  platinum  it  unites  with  the  metal 
which  it  perforates  with  holes.     According  to  the  experi- 
ments of  Mr.  Edmond  Davy  it  is  composed  of 

Platinum 100 

Phosphorus   ...     21*21 

2.  Perphosphuret  of  platinum  is  obtained  by  heating  to-  Perphos- 
gether  ammonio-muriate  of  platinum  with  about  two  thirds  P^**'*** 
of  its  weight  of  phosphorus  in  small  bits  in  a  retort  over 
mercury.  Towards  the  end  of  the  experiment  the  retort 
should  be  heated  to  a  dull  red  to  expel  every  thing  volatile. 
The  perphosphuret  of  platinum  has  an  iron  grey  colour  and 
a  slight  metallic  lustre.  It  stains  the  fingers  or  paper,  but 
the  lustre  is  inferior  to  that  communicated  by  persulphuret 
of  platinum.  Specific  gravity  5*28.  It  is  destitute  of  taste 
and  smell,  and  is  a  nonconductor  of  electricity.  When 
heated  it  becomes  ignited  and  diminishes  in  bulk  without 
changing  its  colour.  According  to  the  experiments  of  Mr. 
Edmond  Davy,  it  is  composed  of 

Platinum 100 

Phosphorus ....     42'85* 

VI.  Platinum  combines  with  three  proportions  of  sulphur.  Sulpharets. 
For  the  investigation  of  these  compounds  also  we  are  in- 
debted to  Mr.  Edmond  Davy.f 

1.  Protosnlphuret  of  platinum  was  formed  by  mixing  l^^otoral- 
equal  weights  of  sulphur  and  platinum  in  an  exhausted  glass  ^^ 
tube  and  heating  them  together.  Towards  the  end  of  the 
process  the  mass  was  heated  nearly  to  redness  to  expel  every 
thing  volatile.  Protosnlphuret  of  platinum  thus  formed  is 
of  a  dull  bluish  grey  colour.  Its  lustre  is  earthy ;  but  when 
rubbed  on  paper  it  leaves  a  metallic  stain.  Its  feel  is  rather 
harsh.  It  has  no  smell  or  taste.  Its  specific  gravity  is  6*2. 
It  is  a  nonconductor  of  electricity.  It  is  decomposed  when 
heated  with  zinc  filings.  According  to  the  analysis  of 
Mr.  Edmond  Davy,  its  constituents  are, 

*  The  analyses  of  these  two  phosphurets  agree  very  well  with  eMb 
other,  but  they  do  not  correspond  with  the  numbers  which  wo  havs 
adopted  for  the  weight  of  an  atom  of  phosphorus  and  platinum. 

t  Phil.  Mag.  xl.  ^7,  S19. 
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Book  I.                              Hatinum  •••%..  100 
Pivitkm  II.  Sulphur 19*04 

Dmtoral*       2.  Deutosulphuret  of  platinum  is  obtwied  by  precipitafc- 

phofit.       uig  pladnnm  from  its  solution  by  sulphureted  hydrogm  gas, 

and  heating  the  precipitate  which  falls  in  dose  vessels.    It 

is  a  tasteless  loose  powder,  of  a  bluish  black  coloury  staining 

paper  and  the  fingers  like  .black  lead.     It  is  composed  of 

Platinum 100 

Sulphur 28-21* 

tawlphtt-      3.  Persulphuret  of  platinum  is  obtained  by  heating  a  mix- 
'^  ture  of  3  parts  of  ammonio-muriate  of  platinum  and  2  parti 

of  sulphur  in  a  glass  retort  over  mercury.  The  mixture 
must  be  gradually  heated  to  redness  and  continued  for  some 
time  in  that  heat  till  every  tbiog  volatile  be  expelled.  It 
has  a  dark  iron  grey  colour  approaching  to  blacL  When 
in  lumps  it  has  a  slight  metallic  lustre.  It  baa  a  soft  feel 
and  when  rubbed  on  paper  leaves  a  stain  similar  to  that  of 
black  lead.  Its  specific  gravity  is  3*5.  It  is  a  noncon« 
ductor  of  electricity.  It  does  not  melt  though  exposed  to  a 
very  strong  heat  When  heated  with  zinc  filings  combus- 
tion takes  place  and  sulphuref  of  zinc  is  formed.  When 
heated  to  redness  in  the  open  air  the  sulphur  is  expelled  and 
pure  platinum  remains.  According  to  the  analysis  of  Mr. 
fximond  Davy,  its  constituents  are. 

Platinum 100 

Sulphur 38*8 

The  sulphur  in  these  three  compounds  is  as  the  numbers 
1,  1^9  2.  Hence  the  first  should  be  a  compound  of  1  atom 
platinum  and  1  atom  sulphur,  the  second  of  2  atoms  plati« 
num  and  3  atoms  sulphur,  and  the  third  of  1  atom  platinum 
and  2  atoms  sulphur.  But  the  numbers  do  not  correspond 
with  the  weight  of  an  atom  of  platinum  as  deduced  fit>m 
the  experiments  hitherto  made  on  the  subject  Hence 
it  is  probable  that  this  number  is  incorrect  We  cannot 
venture  to  determine  the  weight  of  an  atom  of  phosphorus 
from  these  experiments  of  Mr.  Edmond  Davy,  becmise  the 
members  for  the  phosphurets  and  sulphurets  do  not  accord 
^th  each  other. 

«  Fhil.  Msg.  iL  919. 
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VIL  The  alloy  ofarsenic  and  platinum  was  first  examined  Chap.  III. 
by  Scheffer,  and  afterwards  by  Dr.  Lewis.     The  addition  of  ^'•v**^ 
white  oxide  of  arsenic  causes  strongly  heated  platinum  to  Alloys  with 
melt;  but  the  mixture  does  not  flow  thin,  and  cannot  be  "'*^*^* 
poured  out  of  the  crucible.    The  alloy  is  brittle  and  of  a 
grey  colour.     The  arsenic  is  mostly  expelled  in  a  strong 
heat,  leaving  the  platinum  in  the  state  of  a  spongy  mass.* 

VIII.  Platinum  unites  with  potassium  and  sodium  with  Potastiuin^ 
ignition,  as  Sir  H.  Davy  first  ascertained.     The  alloy  is  •**^**°^> 
decomposed  by  the  action  of  air  or  water. 

IX.  We  are  ignorant  of  the  alLoys  which  platinum  is  ca^ 
pable  of  forming  with  the  metallic  bases  of  the  alkaline 
earths  and  earths  proper. 

X.  Platinum  id  usually  found  alloyed  with  iron.    Dr.  inm^ 
Lewis  did  not  succeed  in  his  attempts  to  unite  these  metals 

by  fusion,  but  he  melted  togethercast  iron  and  crude  platina^ 
and  likewise  steel  and  crude  platina.  The  alloy  was  exces* 
aively  hard,  very  tough,  and  possessed  some  ductility  when 
the  iron  was  about  |-ths  of  the  alloy.  The  specific  gravity 
greatly  exceeded  the  mean;  the  platina  having  destroyed 
the  property  which  cast  iron  has  of  expanding  when  it 
becomes  solid.  This  alloy,  after  being  kept  ten  years,  was 
very  little  tarnished.  At  a  red  heat  it  was  brittle,  and 
appeared,  when  broken,  to  be  composed  of  black  grains, 

without  any  metallic  lustre.t 

XL  We  are  imacquainted  with  the  alloys  which  platinum 
forms  with  nickel,  cobalt,  manganese,  uranium,  and  cerium. 

XII.  Dr.  Lewis  found  that  platinum  unites  with  the  Zliic^ 
fumes  of  zinc  reduced  fi*om  its  ore,  and  acquires  about  ^ 

of  additional  weight  The  two  metals  very  readily  melt, 
even  when  the  zinc  does  not  exceed  ^ih  of  the  platinum. 
The  alloy  is  very  brittle^  of  a  bluish  white  colour,  and  much 
harder  than  zinc.  One  twentieth  of  platinum  destroys  the 
malleability  of  zinc,  and  -j-th  of  zinc  renders  platinum  brittle.^ 

XIII.  Bismuth  and  platinum  readily  melt  and  combine  Bismoil^ 
when  exposed  rapidly  to  a  strong  heat     Dr.  Lewis  fused 

the  metals  in  various  proportions,  firom  1  of  bismuth  to 
24  with  1  of  platinum.  The  alloys  were  all  as  brittle,  and 
pearly  as  soft  as  bismuth ;  and  when  broken,  the  fi:Bcture 

•  Phil.  Com.  p.  ai4.  t  ^^^^*  P*  ^H  '^  ^^V 

}  Ibid,  p.  6^0, 
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Book  I.    ho<l  ft  foliated  appearance.    When  this  alloy  is  expocedto 
Division  II.  (\^Q  ^lYf  it  assumes  a  purple,  violet,  or  blue  coloor.    H^ 

^""^^^"^"^  bismuth  can  scarcely  be  separated  by  heat*^ 

UBd»  XIV.  Dr.  Lewis  fused  crude  platina  and  lead  together 

in  various  proportions;  a  violent  heat  was  necessary  to 
cnaUe  the  lead  to  take  up  the  platinum.  Hence  a  portion 
of  the  lead  was  dissipated.  The  alloys  had  a  fibrous  cur 
leafy  texture^  and  soon  acquired  a  purple  ccdour  when 
exposed  to  the  air.  When  equal  parts  of  the  metals  were 
used,  the  alloy  was  "ery  hard  and  britde;  and  these  quali- 
ties diminished  with  the  proportion  of  platinunu  When  the 
alloys  were  melted  again,  a  portion  of  the  platinum  subsided.t 
Many  experiments  have  been  made  with  this  alloy,  in  order, 
if  possible,  to  puri^  platinum  from  other  metals  by  cnpella- 
tion,  as  is  done  Accessfiilly  with  silver  and  gold.  But 
scarcely  any  of  the  experiments  have  succeeded;  because 
platinum  requires  a  much  more  violent  beat  to  Ibeep  it  in 
fusion  than  can  be  easily  given.^ 

Tin*  XV.  From  the  experiments  of  Dr.  Lewis  we  learn,  that 

tin  and  platinum  r^dily  mdt^  and  ftmn  an  alloy  which 
is  brittle  and  dark  coloured  when  the  prc^rtions  of  the  two 
metals  are  equal,  and  continues  so  till  the  platinum  amounts 
only  to  -^th  of  the  alloy ;  after  this  the  ductility  and  white 
colour  increase  as  tlic  proportion  ci  platinum  diminishes. 
When  this  alloy  is  kept,  its  surface  gradually  tarnishes  and 
becomes  yellow,  but  not  so  readily  if  it  has  been  polished  •§ 

Copper,  XVL  Platinum  may  be  alloyed  with  copper  by  fusion, 

but  a  strong  heat  is  necessary.  The  alloy  is  ductile,  hard, 
takes  a  fine  polish,  and  is  not  liable  to  tarnish.  This  alloy 
has  been  employed  with  advantage  for  composing  the  mir- 
rors of  reflecting  telescopes.  The  platinum  dilutes  the 
colour  of  the  copper  very  much,  and  even  destroys  it,  unless 
it  be  used  sparuigly.  For  the  experiments  made  upon  it 
we  are  indebted  to  Dr.  Lewis.  ||  Strauss  has  lately  proposed 
a  metliod  of  coating  copper  vessels  with  platinum  instead  of 
tin  ;  it  consists  in  rubbing  an  amalgam  of  platinum  over  the 
coj^per,  and  then  exposing  it  to  the  proper  heaL** 

Copper  and      X  VII.  Mr.  Cooper  has  formed  an  alloy  of  7  parts  plati- 


aiiic, 


•  Philos.  Commerce,  p.  509,  ^3.  t  Ibid.  p.  51«. 

I  Ibid.  p.  561.  \  Ibid.  p.  510. 

**  Nicholson's  Jour.  ix.  303.  ||  Ibid.  p.  5S9. 
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nam,  16  copper^  and  1  zinc,  that  has  much  the  appearance  Chap.  iii. 
of  pure  gold.  The  copper  and  platinum  are  first  fused  with  ^"^v^ 
the  usual  precautions  of  covering  the  metals  with  charcoal 
and  adding  a  flux  of  borax.  When  it  is  in  perfect  fusion 
it  is  removed  from  the  fire^  the  zinc  is  added,  and  the  mix- 
ture stirred.  This  alloy  is  very  ductile,  is  not  oxydized  by 
exposure  to  the  air,  and  is  not  dissolved  by  nitric  acid 
except  at  a  boih'ng  heat* 

XVIII  Dr.  Lewis  attempted  to  form  an  amalgam  of  Meicui]r, 
platinum,  but  succeeded  only  imperfectly,  as  was  the  case 
also  with  Schefier.f  Guy  ton  Morveau  succeeded  by  means 
of  heat.  He  fixed  a  small  cylinder  of  platinum  at  the  bot- 
tom of  a  tall  glass  vessel,  and  covered  it  with  mercury.  The 
vessel  was  then  placed  in  a  sand-'bath,  and  the  mercury  kept 
constantly  boiling.  The  mercury  gradually  combined  with 
the  platinum ;  the  weight  of  die  cylinder  was  doubled,  and 
it  became  brittle.  When  heated  strongly,  .the  mercury 
evaporated,  and  left  the  platinum  partly  oxidated.  It  is 
remarkable  that  the  platinum,  notwithstanding  its  superior 
specific  gravity,  always  swam  upon  the  surface  of  the  mer- 
cury, so  that  Morveau  was  under  the  necessity  of  fixing  it 
down.J 

The  simplest  and  easiest  way  of  combining  platinum  and 
mercury  was  pointed  out  by  Muschin  Pushkin.  It  consists 
in  triturating  with  mercury  the  fine  powder  obtained  by 
precipitating  platinum  from  nitro-muriatic  acid  by  sal 
ammoniac,  and  exposing  the  precipitate  to  a  graduated  heat. 
Some  trituration  is  necessary  to  produce  the  commence- 
ment of  combination ;  but  when  once  it  begins  it  goes  on 
rapidly.  Small  quantities  of  the  platinum  and  mercury  are 
to  be  added  alternately  till  the  proper  portion  of  amalgam 

*  Journal  of  the  Royal  Institutioo,  iii.  119. 

f  Lewisy  Phil.  Com.  p.  508. 

X  Ann.  de  Chim.  xxv.  13. — ^This  was  doubtless  owing  to  the  strong  co- 
faenon  which  exists  between  the  particles  of  mercury.  If  yon  lay 'a 
large  mass  of  platinum  upon  the  surface  of  mercury,  it  sinks  directly 
OQ  account  of  its  weight ;  but  a  small  slip  (a  platinum  wire,  for  ixH 
stance)  swims,  being  unable  to  overcome  the  cohesion  of  the  mercury. 
However,  if  you  plunge  it  to  the  bottom,  it  remains  there  in  conse-^ 
quence  of  its  superior  weight.  If  heat  be  now  applied  to  the  bottom  of 
the  vessel,  the  wire  comes  again  to  the  surface^  being  buoyed  up  by  the 
hot  mercury^  to  which  it  has  begun  to  adhere.  These  ^ts  explain  the 
seemiog  anomaly  observed  by  Morvrau. 


\ 
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Book  I.  ii  procured.  The  excess  of  mercury  is  then  separated  by 
Pivistoii  IL  gqueezing  it  through  leather.  The  amalgam  obtained  is  of 
a  fine  silvery  whiteness,  and  does  not  tarnish  by  keqnng. 
At  first  it  is  soft,  but  gradually  acquires  hardness.  It 
adheres  readily  to  the  surfece  of  glass,  and  converts  it  into 
a  smooth  mirror. 
8avei:»  XIX.  When  silver  and  platinum  are  fiised  together  (fiir 

which  a  very  strong  heat  is  necessary),  they  form  a  mixture^ 
not  so  ductile  as  silver,  but  harder  and  less  white.    The  two 
metals  are  separated  by  keeping  them  for  some  time  in  &m 
state  of  fusion ;  the  platinum  sinkbg  to  the  bottom  from  its 
weight.    This  circumstance  would  induce  one  to  suppose 
that  there  is  very  little  aflinity  between  them.    Indeed  Dr. 
Lewis  found,  that  when  the  two  metals  were  melted  toge- 
ther, they  sputtered  up  as  if  there  were  a  kind  of  repugnance 
between  them.    The  difficulty  of  uniting  them  was  noticed 
also  by  Schdier.* 
u  GM»         XX.  Dr.  Lewis  found  that  gold  united  with  platinum 
when  they  were  melted  together  in  a  strong  heat    He  em- 
ployed only  crude  platina ;  but  Vauquelin,  Hatchett,  and 
Klaproth,  have  since  examined  the  properties  of  the  alloy 
of  pure  platinum  and  gold.f    To  form  the  alloy,  it  is  neces- 
sary to  fuse  the  metals  with  a  strong  heat,  otherwise  the 
platinum  is  only  dispersed  through  the  gold.     When  gold 
is  alloyed  with  this  metal,  its  colour  is  remarkably  injured  ; 
the  alloy  having  the  appearance  of  bell-metal,  or  rather  of 
tarnished  silver.     Dr.  Lewis  found,  that  when  the  platinum 
amounted  only  to  -^th,  the  alloy  had  nothing  of  tlie  colour 
of  gold ;  even  ^d  part  of  platinum  greatly  injured  the 
colour  of  the  gold.     The  alloy  formed  by  Mr.  Hatchett  of 
nearly  11  parts  of  gold  to  1  of  platinum,  had  the  colour  of 
tarnished  silver.     It  was  very  ductile  and  elastic.     From 
Klaproth  we  learn,  that  if  the  platinum  exceed  -r^th  of  the 
gold,  the  colour  of  the  alloy  is  much  paler  than  gold ;  but 
if  it  be  under  -py^h,  the  colour  of  the  gold  is  not  sensibly 
altered.     Neither  is  there  any  alteration  in  the  ductility  of 
the  gold.     Platiniun  may  be  alloyed  with  a  considerable 
proportion  of  gold  without  sensibly  altering  its  colour.  Thus 

*  Lewis's  Philosoph.  Commerce,  p.  522. 

t  Vauquelin,  Manuel  de  TEssayeur,  p.  44.— Hatchett,  on  ths-iillojs 
of  Gold,  &c.  PhiL  Trans.  1803.— EJaprotb,  Journal  de  Chimie,  ir.  S9. 
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•n  ftUoy  of  1  part  of  platinum  with  4  parts  of  gold  can  Chip.  ill. 
scarcely  be  distinguished  in  appearance  from  pure  platinum. 
The  colour  of  gold  does  not  become  predominant  till  it 
constitutes  eight^ninths  of  the  alloy.* 

From  these  facts  it  follows,  that  gold  cannot  be  alloyed 
with  fijj^th  of  its  weight  of  platinum,  without  easily  detecting 
the  fraud  by  the  debasement  of  the  colour;  and  Vauquelin 
has  shown,  that  when  the  platinum  does  not  exceed  tV^ 
it  may  be  completely  separated  from  gold  by  rolling  out  the 
alloy  into  thin  plates,  and  digesting  it  in  nitric  acid.  The 
platinun^  is  taken  up  by  the  acid  while  the  gold  remains. 
But  if  tlie  quantity  of  platinum  exceeds  tq^s  ^^  cannot  b« 
separated  completely  by  that  method.t 


SECT.  III. 

OF   PALLADIUM. 


This  metal  was  discovered  by  Dr.  WoUaston  in  1S03,  DwcoYwy. 
and  the  first  account  of  its  properties  circulated  without  any 
intimation  of  the  discoverer,  or  the  source  whence  the  metal 
was  obtained.  It  was  examined  by  Mr.  Chenevix,  who 
endeavoured  to  show  that  it  was  a  compound  of  platinum 
and  mercury.  But  his  attempt  was  unsuccessful.  Soon 
afler  Dr.  Wollaston  announced  that  he  was  the  discoverer 
of  palladium,  and  that  he  had  obtained  it  from  crude  plati- 
num. It  has  been  since  examined  by  M.  Vauquelin,  :|:  and 
a  set  of  experiments  on  its  oxide  has  been  published  by 
Berzelius.$ 

Dr.  Wollaston  separated  palladium  firom  crude  platina  by 
the  following  process : 

Dissolve  crude  platina  in  nitro-muriatic  acid,  and  into  Howob- 
the  solution,  previously  freed  from  any  excess  of  acid,  drop  ^**^ 
a  quantity  of  prussiate  of  mercury. \\     In  a  short  time  the 
liquid  becomes  muddy,  and  a  pale  yellowish  white  matter 
fidls  down.    This  precipitate,  washed,  dried,  and  exposed 

*  Klaproth,  Journal  de  Chimie,  iv.  29. 

t  Manuel  de  TEtsayeur,  p.  48.  %  Add.  de  Chim.  Ixxxviii.  \(ft. 

§  Annals  of  Philosophy,  iii.  354. 

H  A  salt  to  be  described  in  a  subsequent  part  of  this  Work. 
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Book  I.    to  a  strong  heat,  leaves  a  white  matter,  which  is  paHaffinm.* 

DtTbioaU-  gy  heating  it  with  sulphur  and  borax  it  may  be  obtained  in 

^*^^*"^  the  state  of  a  metallic  button,  which  will  bear  hammeringor 

rolling. 
Frapertict.       1.  Palladium  thus  obtained  is  a  white  metal,   whidi, 

when  polished,  bears  a  very  close  resemblance  to  platinom. 

2.  It  is  rather  harder  than  wrought  iron.  Its  speciBc 
gravity  varies  according  to  the  state  in  which  it  is  exhibited 
When  completely  fused,  Mr.  Chenevix  found  it  11*871; 
but  some  of  the  pieces  exposed  to  sale  were  as  low  as  10*972. 
Dr.  Wollaston  states  it  as  varying  from  11*3  to  11*8. 
Vauquelin  obtained  it  when  roUed  as  high  as  12  and  a  small 
firaction.  This  nearly  agrees  with  an  experiment  of  Mr* 
Lowry  who  found  it  12*148. 

3.  It  seems  to  be  as  malleable  rs  platinum  itself.  It 
possesses  but  little  elasticity,  breaks  with  a  iibrous  fi^cture^ 
and  appears  of  a  crystallised  texture. 

4.  It  is  not  altered  by  exposure  to  the  air.  ll  requires  a 
very  violent  heat  to  fuse  it.  Mr.  Chenevix  succeeded  in 
melting  it,  but  was  not  in  possession  of  the  means  of  esti- 
mating the  temperature. 

Vauquelin  fused  it  on  charcoal  by  a  jet  of  oxygen  gas. 
When  the  heat  was  continued  the  metal  boiled  and  burnt, 
throwing  out  brilliant  sparks.  A  portion  of  the  metal 
which  escaped  the  combustion  was  dissipated  and  condensed 
on  the  surface  of  the  charcoal  in  very  small  grains.  Piati* 
num  melted  in  tlie  same  way  does  not  bum  like  palladium, 
which  shows  that  this  last  metal  is  more  volatile  and  more 
combustible. 

II.  When  strongly  heated  its  surface  assumes  a  blue 
colour;  but  by  increasing  the  temperature  the  original 
lustre  is  again  restored.  This  blue  colour  is  doubtless  a 
comniencemunt  of  oxidizemcnt.  Berzelius  was  able  to 
obtain  only  1  oxide  of  palladium.  He  formed  it  by  heating 
pallndium  filings  in  a  platinum  crucible,  along  with  caustic 
poinsh  and  a  little  nitre.  The  oxide  has  a  chesnut-brown 
colour  and  readily  dissolves  in  muriatic  add.  According 
to  the  experiments  of  Berzelius  it  is  composed  of 

Palladium 100 

Oxygen       14*209 

*  Wollaston  on  the  Discovery  of  PailadiuiB^  Fbil.  Trans.  ISOSw 
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Vauquelin  found  that  when  this  oxide  is  reduced  to  the  Chap.  in. 
Detallic  state  by  being  heated  to  redness  it  loses  20  per  ^'— v^ 
lent  of  its  weight.  But  we  are  not  certain  that  it  had  been 
previously  deprived  of  all  its  water.  If  we  suppose  this 
»xide  to  be  a  compound  of  1  atom  palladium  and  1  atom 
^yg^")  ^^d  to  consist  of  100  palladium  +  14*285  oxygen, 
he  weight  of  an  atom  of  palladium  will  be  Tj  and  the  weight 
f  oxide  of  palladium  8. 

III.  The  chloride^  iodide,  and  Jluoride  of  palladium  are 
till  unknown. 

IV.  It  is  not  probable  that  palladium  combines  with 
oote,  hydrogen,  carbon,  boron,  or  silicon*  The  phoqphu- 
et  of  palladium  has  not  been  examined. 

V.  Palladium  unites  very  readily  to  sulphur.     When  it  Sulphuitt. 
B  strongly  heated,  the  addition  of  a  little  sulphur  causes  it 

D  run  into  fusion  immediately,  and  the  sulphuret  continues 
a  a  liquid  state  till  it  be  only  obscurely  red-hot.  Sulphuret 
f  palladium  is  rather  paler  than  the  pure  metal,  and  is 
xtremely  brittle.  By  means  of  heat  and  air,  the  sulphur 
day  be  gradually  dissipated,  and  the  metal  obtained  in  a 
tate  of  purity.  According  to  the  experiments  of  Vauquelin 
he  sulphuret  (^palladium  is  a  compound  of 

Palladium   ........  100 

Sulphur      24< 

If  we  suppose  the  analysis  of  the  oxide  of  palladium  by 
Jerzelius  to  be  correct,  100  palladium  ought  to  combine 
^th  28:^^  sulphur. 

VI.  Mr.  Chenevix  alloyed  palladium  with  various  metals.  Alloys  wltk 
rhe  following  are  the  results  which  he  obtained. 

).  ^'  Equal  parts  of  palladium  and  gold  were  melted  toge-  Goid» 
der  in  a  crucible.  The  colour  of  the  alloy  obtained  was 
rey :  its  hardness  about  equal  to  that  of  wrought  iron.  It 
ielded  to  the  hammer;  but  was  less  ductile  than  each 
octal  separate,  and  broke  by  repeated  percussions.  Its 
racture  was  coarse-grained^  and  bore  marks  of  crystalliza* 
Mxn.     Its  specific  gravity  was  1 1  '079. 

2.  <'  Equal  parts  of  platinum  and  palladium  entered  into  FUtianBAi 
iision  at  a  heat  not  much  superior  to  that  which  was  capa- 
ble of  fusing  palladium  alone.    In  colour  and  hardness  this 
Uoy  resembled  the  former ;  but  it  was  rather  less  malleable, 
ts  ^e(ufic  gi^avi^  I  found  to  be  15*141, 
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Ustoh  produced  sodk-nluHate  of  rhodium,  and  presented  it  Chap.  in. 
td  Mr.  Tennant  as  coiltaining  one  of  the  new  substances  of  ^— v^^ 
which  he  was  itl  quest    Mr,  Teiinant  soon  satisfied  himself 
that  it  wias  quite  difiei'ent  irora  his  new  metals.     Upon  this, 
Dr.  Wolliaston  investigated  its  properties,  and  gave  it  the 
name  otrkodium,' 

I.  It  may  be  procured  from  crude  platina  by  the  follow-  Piepare* 
ing  method  of  Wollaston :  *'*'°- 

The  platina  was  freed  from  mercury  by  exposure  to  a 
red  heat,  and  from  gold  and  other  impurities  by  digestion 
in  a  small  quantity  of  dilute  nitro-muriatic  acid  in  a  mode- 
rate sand  heat,  till  the  acid  was  saturated,  and  the  whole 
was  dissolved,  except  a  shining  black  powder,  from  which 
the  solution  was  separated.  A  solution  of  sal  ammoniac  in 
hot  water  was  poured  into  this  solution,  in  order  to  separate 
the  platinum ;  the  greatest  part  of  which  was  precipitated 
in  the  form  of  a  yellow  powder.  Into  the  solution  thus 
freed  from  its  platinum,  a  piece  of  clear  zinc  was  immersed, 
and  allowed  to  remain  till  it  ceased  to  produce  any  farther 
effect.  By  the  zinc  a  black  powder  was  thrown  down, 
which  was  washed  and  treated  with  very  dilute  nitric  acid 
in  a  gende  heat,  in  order  to  dissolve  some  copper  and  lead 
with  which  it  was  contaminated.  It  was  then  washed  and 
digested  in  dilute  nitro-muriatic  acid  till  the  greater  part 
was  dissolved.  To  this  solution  some  common  salt  was 
added.  The  whole  was  then  gently  evaporated  to  dryness, 
and  the  residuum  washed  repeatedly  with  small  quantities  of 
alcohol  till  it  came  off  nearly  colourless.  By  this  means 
two  metallic  oxides  are  washed  off  in  combination  with 
common  salt,  namely,  the  oxides  of  platinum  and  palla- 
dium. There  remained  behind  a  deep  red-coloured  sub- 
stance, consisting  of  the  oxide  of  rhodium  united  to 
common  salt.  By  solution  in  water  and  gradual  evapora- 
tion, it  forms  rhomboidal  crystals  of  a  deep-red  colour, 
whose  acute  angles  are  about  75°.  When  these  crystals  are 
dissolved  in  water,  and  a  plate  of  zinc  immersed  in  the 
solution,  a  black  powder  precipitates ;  which  being  strongly 
heated  with  borax  becomes  white,  and  assumes  a  metallic 
lustre*  In  this  state  it  is  rhodium.  From  Wollaston's 
analysis  it  follows,  that  crude  platuia  contains  about  1  part 
in  250  of  rhodium. 

1.  Rhodium,  thus  obtained,   is  of  a  white  colour,  not 

VOL.  I.  2  L 
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fioda-muriate  oF  rhodium  with  caustic  potash.  A  red  Chip.  HI. 
powder  &lls,  which  is  a  compound  of  peroxide  of  rhodium 
and  water.  When  heated,  it  gives  out  its  water,  and 
assumes  a  darker  colour.  At  a  heat  below  redness  it  takes 
fire,  gives  out  part  of  its  oxygen,  and  is  converted  into 
protoxide.  This  oxide,  like  the  protoxide,  has  the  pro- 
perty of  combining  with  acids,  and  forming  salts.  Berze- 
lius,  without  having  analysed  it,  supposes  that  it  contains 
three  times  the  quantity  of  oxygen  in  the  protoxide,  or  that 
it  is  a  compound  of 

Rhodium 100 

Oxygen 20'1S* 

If  we  suppose  the  protoxide  of  rhodium  to  be  a  compound 
of  1  atom  rhodium  and  ]  atom  oxygen,  and  that  it  consists 
of  100  rhodium  united  to  6*66  oxygen,  which  comes  suffi- 
ciently near  Berzellus'  calculation,  then  the  weight  of  an 
atom  of  rhodium  will  be  1 5. 

IIL  Rhodium  has  been  too  imperfectly  examined  to 
enable  us  to  state  the  compounds  which  it  forms  with  the 
other  supporters  of  combustion. 

IV.  Rhodium  unites  readily  with  sulphur,  and,  like  pal- 
ladium, is  rendered  fusible  by  it ;  so  also  is  it  with  arsenic 
The  arsenic  or  sulphur  may  be  expelled  by  means  of  heat; 
but  the  metallic  button  obtained  does  not  beccxne  malle- 
able. 

V.  The  following  are  the  result  of  the  experiments  made  Alloyg. 
by  Dr.  WoUaston  to  alloy  rhodium  with  other  metals. 

^*  It  unites  readily  with  all  metals  that  have  been 
tried,  excepting  mercury ;  and  with  gold  or  silver  it  forms 
very  malleable  alloys,  that  are  not  oxidized  by  a  high 
degree  of  heat,  but  become  incrusted  with  a  black  oxide 
when  very  slowly  cooled. 

<<  When  4  parts  of  gold  are  united  with  1  of  rhodium, 
although  the  dloy  may  assume  a  rounded  form  under  the 
blow-pipe^  yet  it  seems  to  be  more  in  the  state  of  an  amalgam 
than  in  complete  iusion. 

<*  When  6  parts  of  gold  are  alloyed  with  one  of  rho- 
dium, the  compound  may  be  perfectly  fused,  but  requires 
fiur  more  beat  tlian  fine  gold.    There  is  no  circumstance  in 

^  Apoalt  of  Philosophy,,  iii.  359. 
2  L  2 
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^Bo^^.  ubich  rhodium  diflfert  more  from,  plaftum.  than  io  die  oolour 
^'^^^^'^     oi  diis  aUoy,  whidi  might  be  takm  for  fine  gold  by  mj 


one  who  k  not  very  much  accuitomed  to  dwrriminatp  the 
diflinent  qualities  of  gold.  On  the  contrary,  the  coloar  of 
an  alloy  QQOtaining  the  same  proportion  of  pletina  di&rs 
but  litde  from  that  of  platina.  This  was  origioally  obserrad 
by  Dr.  Lewis.  <  The  colour  was  stiU  so  dull  and  pak^  that 
the  compound  (5  to  1}  could  scarcely  be  judged-  fay  the  eye 
to  contain  any  gold.'  * 

**  I  find  that  palladium  resembles  platina  in  this  pro- 
perty of  destroying  the  oolour  of  a  laige  quantity  ai  gold. 
When  1  JMurtcrf'  palladium  is  united'to  6  of  gold,  the  alloy 
is  nearly  white. 

^  y/hea  I  endeavoured  to  dissobia  an  alloy*  ofisibec  oc  of 
gold  witli  rhodium^  tibe  rimdium  remained,  untouched  by 
either  nitric  or  nitro-mnriatic  adds;  and:  wdbea  jliocfium' 
had  beoi  fined  widt  arsenie  or  with  sdpinuv  cr  vihea 
merely  heated  by  itself  it  was  reduced  to  tha  same  state  of 
insolubility^  But  wfaaa  1  partofdiodiBm.hadiMan£iaed 
with  S  parts  of  bismuth,  ofi  ooppei^  oe  of  Icad^  each  oC- 
these  alloys  could  be  dissolved  oonplefealy.  iu:  m  miztere  o£ 
S  parts,  by  measure  of  mnsiatic  acid  witk  1  of  nitric. 
With  the  two  fi>rmer  metals,  the  proportioa  of  die  adds  to 
each  other  seemed  not  to  be  of  so  much  consequence  as 
with  lead;  but  the  lead  i4>peared  on  another  account 
pre&rablc,  as  it  was  most  easily  separated  when  reduced  tO; 
an  insoluble  muriate  by  evaporation.  The  muriate  of  rho^ 
dium  had  then  the  same  colour  and  properties  as  when 
formed  Gcoai  the  yellow  oxide  predpitated  fium  the  original 
saltf" 


SECT.  V. 

op  IRIDIUM. 


HUtory.  Tiiis  metal  was  discovered  by  Mr.  Smithson  Tennant  in 

1803 ;  but  before  he  communicated  the  result  of  his  experi- 
ments, a  dissertation  was  published  on  it  by  DescotUs  in  the 

*  Lewis's  Phil.  Com.  p.  5td. 

t  Se«  Dr.  Wollaston*s  paper,  Phil.  Trans.  1804,  from  which  all  the  facts 
coDtained  in  this  Section  haye.  hson  txtnctad. 


Annales  deCSainie,  who  had  made  the  same  discovery ;  and  Chap.  ifi. 
the  subject  was  afterwards  prosecuted  more  in  detail  by 
Vauquelin  and  Foorcroy. 

When  erode  pktina  is  dissolved  in  nitro-mnrtatic  acid, 
especiaUy  i£  the  acid  be  dilute^  and  only  a  moderate  heat 
applied,  diere  remains  behind  a  qmmtity  of  "bkck  shining 
powder  in  small  scales,  which  preceding  chemists  had  mis* 
taicen  for  black  lead.  Mr.  Tennant  examined  these  scales, 
found  their  specific  gravity  to  be  lO'?)  and  tha^t  they  ocm« 
sisted  of  two  unknown  metals  united  together.  The  firrt  oT 
these  metais  he  called  iridktmj  from  the  v^ety  of  colours 
iduch  its  solutions  exhibit ;  to  the  second  he  gave  the  name 
€^osmiumj  from  the  peculiar  smell  by  which  its  oxides  are 


Dr.  Wdlaston  dLsoovered,  that  in  crude  phtina  there 
exists  another  substance  very  similar  to  the  grains  of  platina 
inappearance,  but  differing  altogether  in  its  properties.  It 
consists  of  fltft  white  grains,  often  distinctly  foliated.  They 
are  not  s(duble  in  any  acid»  and  their  specific  gravity  is  no 
less  than  19*25,  which  is  higher  than  that  of  any  other 
mineral ;  die  grains  of  platina  by  the  trials  of  this  accurate 
diemist  not  exceeding  17*5.  These  metallic  grains  are 
separated  when  the  platina  is  dissolved  in  nitro-muriatic 
acid.  Dr.  WdUaslon  has  ascertained  them  to  be  a  com- 
pound of  iridium  and  osmium.  They  are^  th^^fore^  of 
the  same  nature  widi  the  black  powder  examined  by  Mr. 
Tennant. 

To  sqiarate  die  two  metals  from  each  other,  the  black  Prepam- 
powder  is  to  be  heated  to  redness  in  a  silver  crudble  with  "^"* 
its  own  weight  of  potash,  and  kept  in  that  state  for  some 
time.  The  potash  is  then  to  be  dissolved  off  by  water.  A 
solution  is  obtained  of  deep  orange-colour.  The  portion  of 
powder  that  remains  undissolved  is  to  be  digested  in  muri- 
atic acid.  The  acid  becomes  first  blue,  then  olive-green, 
and  lastly  deep-red.  The  residual  powder,  which  has 
resisted  die  action  of  these  agents,  is  to  be  treated  alter- 
nately with  potash  and  muriatic  acid,  till  the  whole  of  it  is 
dissolved.  By  this  process  two  solutions  are  obtained :  first, 
the  alkaline  solution,  of  a  deep  orange-colour,  which  con- 
sists chiefly  of  the  potash  united  to  the  oxide  of  osmium ; 
second,  the  acid  solution,  of  a  deep  red,  which  consists 
chiefly  of  the  muriatic  add  united  to  the  oxide  of  iridiufn. 
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Book  I.  L  By  eirapondng  this  last  wlution  to  dryneiSy  diiidT^ 
Diviiionll.  |]jg  residuum  in  water,  and  evaporating  again,  octahedral 
crystals  are  obtained,  consisting  of  muriatic  add  united  to 
oxide  of  iridium.  These  crystals  being  dissolved  in  water, 
ipve  a  deep  red  solution,  tnm  which  the  iridium  may  be 
precipitated  in  the  state  of  a  black  powder  by  putting  into 
the  liquid  a  pkite  of  sine  or  iron,  or  indeed  any  metaU 
except  gold  and  platinum.  When  heat  is  applied  to  this 
powdor  it  becomes  white,  and  assumes  the  metallic  lustre. 
In  this  state  it  is  pure  iridiuuL  The  metal  nuq^  be  obtained 
also  by  erposmg  the  octahedral  crystals  to  a  strong  heat. 

Xt  has  the  appearance  of  platinum,  and  seems  to  resist  the 
fction  of  hc»t  at  least  as  strongly  as  that  metal*;  fiir 
ndther  the  Frendi  chemists  nor  Mr.  Tennant  were  able  to 
fuse  it.  Vauquelin  has  lately  snooeeded  in  fining  a  little  of 
it,  and  found  it  po«essed  of  a  certain  degree  of  ductifa'ty.* 
Mr.  C!hildren  has  succeeded  in  fiinng  it  by  means  of  his 
immense  galvanic  battery,  and  fi>und  its  wpedSc  gravity 
IS'QS.t  As  the  globule  vras  porous,  it  is  obvious  that  this  is 
considerably  under  the  truth. 

It  resists  the  action  of  all  adds,  even  the  nitro-muriatic, 
almost  completely ;  much  more  than  three  hundred  parts 
being  necessary  of  that  acid  to  dissolvq  one  of  iridium4 
Oxides.  IL  The  affinity  between  iridium  and  oxygen  seems  to  be 

very  yfeak ;  but,  like  all  other  metals,  it  unites  with  that 
principle.  The  phenomena  of  its  solution  in  muriatic  add 
indicate  that  it  is  capable  of  uniting  with  at  least  two  doses 
of  oxygen,  and  of  forming  two  oxides.  The  first  solution 
is  a  deep  blue.  In  that  state  it  seems  to  be  united  to  a 
miuinium  of  oxygen ;  by  diluting  the  solution  with  water  it 
becomes  green.  By  digesting  the  blue  solution  in  an  open 
vessel,  or  by  adding  nitric  acid,  it  becomes  dark  red.  In 
this  state  the  metal  appears  to  be  united  to  a  maximum  of 
oxygen. 

Most  of  the  metals  destroy  the  colour  of  these  solutions 
by  depriving  the  iridium  of  its  oxygen,  and  throwing  it 
down  in  the  metallic  state.  The  infusion  of  galls  and  the 
prussiate  of  potash  likewise  destroy  the  colour,  but  occasion 
no  precipitate.  Tlie  alkalies  precipitate  the  oxide  of  iri- 
dium, but  retain  a  portion  of  it  in  solution. 

•  Ann.  de  Chim.  Ixxxix.  840.  f  Phil.  Tran^.  181^,  p.  37(V 

%  Fourcroy  and  Vanqaelin,  Ann*  de  Chim.  1.  S3. 
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We  neither  know  the  composition  nor  the  number  of  its  Chap,  ill, 
oxides.     Neither  have  any  experiments  been  made  on  its 
compounds  with  chlorine,  iodine,  or  fluorine. 

III.  It  is  probable  that  it  docs  not  combine  with  azote, 
hydrogen,  carbon,  boron,  or  silicon.  Its  combination 
with  phosphorus  has  not  been  examined. 

Vauquelin  formed  a  sulphuret  of  iridium  by  heating  a 
mixture  of  ammonio-muriate  of  iridium  and  sulphur.  The 
sulphuret  formed  was  a  black  powder  composed  of 

Iridium 100 

Sulphur ....     SS*3* 

If  we  suppose  this  sulphuret  a  compound  of  1  atom  iri- 
dium and  1  atom  sulphur,  it  will  follow  that  the  weight  of 
an  atom  of  iridium  is  6. 

IV.  The  following  are  the  results  of  Mr.  Tennant's  ex- 
periments to  alloy  iridium  with  the  metals : 

^^  It  does  not  combine  with  arsenic.  Lead  easily  unites  Alloys, 
with  it:  but  is  separated  by  cupellation,  leaving  the  iridium 
upon  the  cupel  as  a  coarse  black  powder.  Copper  forms 
with  it  a  very  malleable  alloy,  which,  after  cupellation  with 
the  addition  of  lead,  left  a  small  proportion  of  the  iridium, 
but  much  less  than  in  the  former  case.  Silver  may  be 
united  with  it,  and  the  compound  remains  perfectly  malle- 
able. The  iridium  was  not  separated  from  it  by  cupellation, 
but  occasioned  on  the  surface  a  dark  and  tarnished  hue.  It 
appeared  not  to  be  perfectly  combined  with  the  silver,  but 
merely  diffused  through  the  substance  of  it  in  the  state  of  a 
fine  powder.  Gold  alloyed  with  iridium  is  not  freed  from 
it  by  cupellation,  nor  by  quartation  with  silver.  The  com- 
pound was  malleable,  and  did  not  differ  much  in  colour  from 
pure  gold ;  though  the  proportion  of  alloy  was  very  coi> 
siderable.  If  the  gold  or  silver  is  dissolved,  the  iridium  is 
left  in  the  form  of  a  black  powder.f" 

*  Ann.  de  Chim.  Ixxxix.  236. 

f  See  Mr.  Tennant's  paper  on  Two  Metals  found  in  the  Powder  rer 
maining  after  the  Solution  of  Platina,  Phil.  Trans.  1804.  Descotils  did 
not  succeed  in  obtaining  it  in  a  separate  state ;  but  he  showed  that  the 
r^  colour  which  the  precipitates  of  platinum  sometimes  assume  is 
owing  to  the  presence  of  iridium.  See  his  paper,  Ann.  de  Chim.  xlriii. 
153.  Fourcroy  and  Vauquelin  confounded  together  the  properties  of 
osmium  and  iridium,  ascribing  both  to  one  metal;  to  which  they  have 
given  the  name  of  ptene.    See  Ann.  de  Chim.  zlix.  )77|  a|id  1.  Si, 
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Book  I.        Vauquelin  has  more  lately  alloyckl  this  metal  with  leadf 
''**'^*^  ''*  copper,  and  tin.    All  these  alloys  were  malleable  and  die 
hardness  of  the  different  metals  was  greatly  increased  by  the 
addition  of  .the  iridioro.* 


Thus  we  have  finished  the  descripdoD  of  the  seodM)  genus 
of  simple  combustibles.  It  includes  88  substances,  all  of 
which  are  metals,  thou^  the  first  ten  have  such  a  di^rasi- 
tion  to  unite  with  ovygen,  that  it  u  with  di£BcuIty  they  can 
be  preserved  in  the  metallic  stat^  Indeed  the  earths  pro- 
per have  not  yet  been  reduced  to  metak. 

The  weight  of  an  atom  oif  each  of  these  substai^oesy  a^  it 
has  been  deduced  from  the  combinations  into  w^^  they 
enter,  is  as  follows : 


Weight  of 
■n  ftiom  of 


•  • 


•  • 


Potassium 
Sodium 
Calcium  .  •  • . 
Barium  • . . . 
Strontium  •• 
Magnesium  , 

Yttrium 
Gludnum 
Aluminum 
Zirconium 


•  •  •  • 


5 

3 

8<6fi5 
8-75 
5^6 
IS 

4 

2-25 

1-125 

4-625? 

3-5 


•  •  • 


Ceriwn 5-75 

15*625 
4-185 
13 
7-S75 
8 
8-875 


Lead 

Tin 

Copper 

Bismuth  •  •  • . 
Mercury....  25 

Silver 13-75 

Gold 24*875 

Platinum  ...  22-625 
Palladiiun.  •  •     7 
Rhodium 
Iridium 


•  • 


•  •  •  • 


15 
6 


Iron    

Nickel 3-375 

Cobalt 3-625 

Manganese  •  3*5 

But  the  weights  of  the  atoms  of  the  last  5  metals  must  be 
considered  as  still  imperfectly  known;  because  the  salts 
which  their  oxides  form  are  of  so  peculiar  a  nature  that  it 
has  not  been  hitherto  possible  to  analyse  them  with  suffi- 
cient exactness  to  determine  the  equivalent  numbers  for 
these  oxides. 

The  following  table  exhibits  the  colour,  qiedfic  gra- 
vity, hardness,  fusibility,  and  tenacity  of  the  different  metals 
belonging  to  tins  genus  as  far  as  these  properties  have  been 
ascertained. 


*  Anu.  de  Chim.  Ixzxiz.  237. 


m 


Coki^. 

Hud. 

MeMBf  point. 

Metab. 

nhiw 

Wedge- 

Tnadty. 

4 

Mt. 

wood. 

Potassium 

White 

0-86507 

136-5° 

.... 

... 

Sodium 

White 

4 

0-97223 

194 

..— 

.« 

Calcium 

White 

^_ 

i.. 

— i 

.... 

Borium 

White 

_ 

—. 

— 

..» 

Strontium 

White 

... 

-. 

— 

^^ 

Magnesium 

White 

_ 

... 

—. 

— 

— 

Yttrium 

Grey? 

— — 

-« 

— 

1 

... 

Glucinum 

Grey? 

... 

-^ 

— i 

— 

--^ 

Aluminum 

Grey? 

i— 

.... 

•r- 

-r- 

.*^ 

Zirconium 

— . 

^ 

— 

— i 

— - 

.-^ 

Iron 

Grey 

9 

7-8 



158® 

549-25 

Nickel 

White 

8.5 

8-82 

--— 

160  + 

... 

Cobalt 

Grey 

6 

8-7 

— 

130 

-^ 

Manganese 

Grey 

8 

8-013 

— 

160 

..« 

Cerium 

White? 

— 

— 

— 

— 

m^ 

Uranium 

Grey 

8 

9 



170  + 

..^ 

Zinc 

White 

6.5 

7-1908 

680® 

— 

109-8 

Bismuth    j 

R^diidi? 
white     5 

7 

9-822 

476 

— 

20-1 

Tin 

White 

6 

7-299 

442 

-^ 

34-7 

Lead 

Blue 

5-5 

11-352 

612 

•— 

27-7 

Copper 

Red 

7-5 

8-895 

— 

27 

302-26 

Mercury 

White 

0 

13-568 

39 

— 

— 

Silver 

^yhite 

7 

)0'510 

— 

22 

187-13 

Gold 

Yellow 

6-5 

19-361 

-^ 

32 

150-07 

Platinum 

White 

8 

21-5313 

— 

170  + 

274-31 

Palladium 

White 

9 

12-148 

— 

170  + 

.— . 

Rhodium 

White 

9 

10-649 

— 

180  + 

... 

Iridium 

White 

9 

18-68  + 

— 

180  + 

— 

Chap.  III. 


pio|ivte» 


3.  The  foUowipg  table  exhibits  the  different  combinar 
tions  which  these  metals  are  capable  of  forming  with  oxygen. 
The  oxides  distinguished  by  the  marie  *  are  those  which 
cond>ine  most  readily  with  adds,  and  form  neutral  salts. 
The  oxygen  is  the  quantity  by  wdght  which  combines  widi 
100  metal. 
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Book  I. 
DhrWooII. 


Onldefc 


Fotaflsium    4 

Sodium        < 

Calciam 

Borium        -| 

Strontium 

Magnesium 

Yttrium 

Glucinum 

Aluminum 

Zirconium 

Iron  < 

Nickel  { 

Cobalt  -T 

Manganese  { 

Cerium         < 
Uranium 


Zinc 
Bismuth 

Lead 


Tin 

Copper 

Mercury 
Silver 

Gold 


( 


{ 


1* 

2 

1* 

2 

1* 

!• 

2 

1* 

1» 

!• 

1* 

!• 

1* 

1» 

2 

I* 

2 

1* 

2 

1* 

2 

1* 


1* 

2 

1* 

1* 

!• 

2 

3 

1* 

2 

1 

a* 

!• 
2* 

1* 
1 

2* 


White 

Yellow 

White 

Yellow 

White 

White 

White 
White 
White 
White 
Whice 
White 
Black 
Red 
Grey 
Black 
Blue 
Black 
Green 
Black 
White 
r  Reddish 
\  brown 

{Greyish 
black 
Yellow 
White 
Yellow 
Yellow 
Red 
Brown 
Black 
Yellow 
Red 
Black 
Black 
Red 
Olive 
Green 
C  Reddish 
I  ^  brown 


} 
} 


} 


26-04 


6-4 


14-5 


16-625 


9-6 

34-25 

24-24 

4-125 

11-2672 

9-875 

7-692 

14 

11-538 

29 

15-384 

15 

13-55 

8-375 

27-1 

9-375 

12-5 

9 

25 

10 

4 

26 

8 

27 

7-272 

14-75 

4-02 

25-875 

12-06 


27-875 


CHLORIDXS; 


Malali. 

Oxides. 

Cototf. 

OZ79M. 

Weight  or 

an  atom  «f 

exUe. 

Platinum 
Palladium 

{ 

\1- 

2* 
1* 

Black 

Brown 

Brown 

4-419 
13-257 
14-285 

23-625 
25-625 
8 

Rhodium 

( 

1 
2 

Black 
Brown 

6-666 
13-333 

16 
17 

Iridium 

I 

3* 

Red 

20 

18 
7? 

These  oxides  amount  to  about  47  in  number;  but  not 
more  than  28  or  29  have  the  property  of  neutralizing  adds, 
and  forming  neutral  salts. 

4.  The  chlorides  of  these  metals  have  been  but  imperfectly 
^camined.  The  following  table  exhibits  such  of  them  as 
we  are  at  present  acquainted  with : 


Chlorine 

Weight  of  aa 

1         Metals. 

Chkrldca. 

Colov. 

matted  to  100 
metal. 

atom  oC  chlo- 
ride. 

Potasssium 

White 

90 

9-5 

Sodium 

White 

150 

7-5 

Calduni 

White 

171-42 

7-125 

Barium 

White 

51-42 

13-25 

Strontium 

White 

69-23 

11 

Ma^esium 
Yttnum 

White 

300 

6 

White 

Glucinum 

White 

Altmiinum 

White 

4 

2^rconium 

White 

Iron 

{ 

Grey 

128-3r 

8 

2 

Brown 

256-74 

12-5 

Nickel 

OUve 

Cobalt 

Manganese 

Pink 

Cerium 

Uranium 

Zinc 

White 

112-5 

8-625 

Bismuth 

Grey 

50-7 

13-375 

Lead 

White 

34-61 

17-5 

Tin 

I 

Grey 

61-01 

11-875 

JL  HI 

2 

Liquid 
White 
Yellow 

12202 

16-375 

Copper 

{ 

1 

2 

56-25 
112-5 

12-5 
17 

Chlorides. 
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flMkl. 
BXymioo  II* 


Iodides. 


Mctala. 

CUorida. 

4?fftffiri 

ukedtolOO 
BMtal. 

•Iflaofnlpto- 

Mercury      < 

Silver 
Platinum 

1 
2 

1 
1 

White 
White 

Grey 
Green 

18 
M 

S2-7S 
ld-88 

29-S 
54 

18-25 
27-125 

The  chlorides  of  the  5th  feinily  of  metals^  with  the 
exception  of  that  of  platinum,  have  not  hidierto  been  ex* 
amined. 

5.  The  iodides  are  sUll  more  imperfectly  known  than  the 
clorides.  The  following  table  exhibits  the  composition  of 
such  of  them  as  we  are  acquainted  with : 


Metah. 

lodidek 

«.  ] 

la<lK«aM^I 

««iMi«rioaid& 

Potassium 

White 

812*5 

9(^625 

Sodium 

White 

18-625 

Gilcium 

White 

18-250 

Barium 

White 

24-375 

Strontium 

White 

21  125 

Iron 

Brown 

19'125 

Zinc 

White 

390-6 

19-625 

Bismuth 

Orange 

24-5 

Lead 

YeUow 

28-625 

Tin 

Orange 

Copper 

Brown 

23-625 

Mercury       \ 

2 

Yellow 
Red 

62-5 
125 

40-625 
56-25 

saver           1 

1 

'Greenish-! 
yellow     J 

29-375 

6.  Of  the  acidifiable  combustibles  there  are  four  which 
seem  capable  of  uniting  with  most  of  the  metals  bebnging 
to  this  genus ;  I  mean  phosphorus,  sulphur,  arsenic,  and 
tellurium.  Carbon  is  known  to  combine  widi  three  metals 
only;  namely. 

Iron 

Nickel 

Manganese. 

The  phosphurets  have  been  too  imperfedtly  examined 
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ta  warrant  any  g^ieral  statements  respecting  their  compod*-  Chap.  lit. 
lion. 

The  following  table  exhibits  the  sulphurets^  as  &r  as  we 
are  acquainted  wUh  them : 


fialfklm.  1 

Sulplmr 

Wdgbc  or      Sulphurctt. 

UtHtM, 

■!■>■_ 

Colow. 

8p*snfllj> 

VBllBdto 

■DatoofroT 

■vnb 

lOOoMtoL 

gnlphnivC. 

Potassium 

2 

Grqr 

40 

7 

Sodium 

Grey 

66-6 

5 

Iron          < 

YeUow 

4'518 

57'1 

5-5 

2 

Yellow 

4r83 

114-2 

7-5 

Cobalt 

Yellow 

55*16  1 

5-625 

Manganese 

Green 

28-57? 

9? 

Uranium 

r  Blackish 
\  brown 

Zinc 

Yellow 

4-049 

48-S4 

6-125 

Bismuth    V      2 

Blue 
Blue 

22-52 
45 

10-875 
12-875 

Lead        { 

1 
2 

White 
White 

7-602 

15-384 
30-768 

15 
17 

Tin          - 

1 
2 

Blue 
Yellow 

27-1 
54-2 

9-375 
11-375 

Copper 

1 

Black 

1  25 

10 

Mercury  < 

1 
2 

Black        \ 
Red           / 

8.16| 

8 
16 

27 
29 

Silver 

1 

Black 

7-215 

14-544 

15-75 

Gold 

1 

Black 

24-39 

11-25 

^ 

1 

Bluish  jrrey 

6-2 

19-04 

Platinum  ^ 

2 

Bluish  black 

k 

28-21 

te 

3 

Dark  grey 

3-5 

38-8 

Palladium 

1 

White 

28-5 

9 

Rhodium          1 

White 

Iridium            1      Black 

33-3 

8? 

7.  Almost  all  tlie  metals  are  capable  of  combining  with  Alloys. 
each  other,  and  of  forming  alloys;  many  of  which  are  of 
the  greatest  utility  hi  the  arts.  This  property  was  long 
reckoned  peculiar  to  metals,  and  is  at  present  one  of  the 
best  criterions  for  determining  the  metallic  nature  of  any 
subst^ce.  Much  is  wanting  to  render  the  chemistry  of 
alloys  complete.  Many  of  them  have  never  been  examined; 
and  the  proportions  of  almost  all  of  them  are  unknown. 
Neither  has  any  accurate  method  been  yet  discovered  of 
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Book  L    detennining  die  affinities  of  iiieCals  for  each  other,    tliesf 

Dif isuA  IL  ijji^yg  m^  much  better  known  to  artists  and  manufiictiiterw 

^"^^''""^  than  to  chemists :  bat  an  examination  of  them,  guided  by 

the  lights  which  chemistry  is  now  able  to  fbmish,  would 

undoubtedly  contribute  essentially  to  the  improvement  of 

some  of  the  most  important  branches  of  human  industry. 

Their  most  interesting  qualities,  in  an  economical  point  of 
view,  are  their  britthmess  or  malleability ;  while  the  change 
of  bulk  which  they  undergo  during  their  combination  is  of 
considerable  importance  to  the  chemist.    The  three  follow- 
Tbbk  of    ing  tables  exhibit  a  view  of  these  properties,  as  far  as  ascer- 
the  lUojrs.  tained  in  all  the  metallic  alloys.    Tlie  first  comprehends  the 
alloys  of  the  malleable  metals  with  each  other;  the  second, 
the  alloys  of  the  britde  metals ;  and  the  third,  the  aUoys  of 
the  malleable  with  the  brittle  metals.*^ 

*  In  these  tables,  the  letter  M  tif^ifiet malleable;  B,  hrittlt;  S,  sub- 
malleable,  used  when  the  alloy  is  maUeaUe  la  certain  proportions,  but 
brittle  in  others.  O  is  used  wbea  the  metals  do  not  unite.  The  sigjn  •>• 
b  used  when  the  alloy  oocnpiet  a graater  bulk  than  the  separate  metali; 
the  sign  —  ,  when  the  alloy  oocnpiet  a  smaller  bulk.  The  first  indicates 
an  expansion,  the  second  a  condensation. 
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M 

O 

TiB 

\kkel 

B 

B  + 
B+ 

M     |m 

Iron 

a- 

B- 

— 

S 

Copper 

M    |)ridlum 

B 

B 

B 

1 

Polai 

uinm 

B 

B 

B 

Sadi 

m 
Pftlladinm 

B 

B+ 
B 

O 

B 
M 

S- 

B 

B 

B 

B 

B 

S3 

M«Kury 

B- 

B- 

O 

M+M 

B-  Silver 

B      18- 

S- 

'|M- 

M- 

H 

'M  + 

B      M-hlPlallanm 

B- 

Ib+ 

m+!m  + 

M  + 

M 

\W 

B       M  +  lM*|Gold 

TABLE  II.  BRITTLE  METALS. 


Tllanln 

Tnopt.li 

Ctarom 

OB, 

UruUD 

HallM 

eaam 

B 

B 

H«.s»eK 

B 

Cobll 

B 

« 

Anmic 

rellnrian 

B 

B 

O 

B 

Aallmonj 

B 

s 

o 

o 

B 

B  JBiunnlb 

Bi» 
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Gold 


Fladmim 


SilTer 


ICercury 


Rhodimn 


PoQMiiuni 


Sodium 


Copper 


Iron 


Nickel 


Tin 


Lead 


Zinc 
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B 
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B- 


B 


M 
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I 


B 


B 


B 


B 


B- 
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GENUS   III.       INTERMEDIATE  COBffBUSTIBT^S. 

The  substances  belonging  to  this  genus  may  be  consi- 
dered as  intermediate  between  the  first  and  the  second  genus. 
They  differ  from  those  of  the  second  genus,  by  forming  com- 
pounds with  oxygen  which  do  not  neutralize  acids;  and  firom 
those  of  the  first  genus,  by  not  entering  into  any  gaseous 
combinations.    They  agree  with  the  bodies  of  the  first 
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pityperti< 


agree  with  the  bodies  of  the  second  genus ;  because  these 
acids  are  but  imperfectly  soluble  in  water  and  act  with  but 
little  energy  upon  animal  and  vegetable  bodies. 

The  substances  belonging  to  this  genus  are  the  following 
MX  metals. 

1.  Antimony.  4.  Tungsten. 

2.  Chromium.  5.  Columbium. 
S.  Mdybdenum.  6.  Titanium. 


SECT,  L 

OF  ANTIMONY. 

Thb  ancienta  were  acquainted  with  an  oxide  of  anti-  I&toiy. 
mony,  to  which  they  gave  the  names  of  oVfu  and  stibium. 
Pliny*  informs  us,  tibat  it  was  found  in  silver  ore ;  and  we 
know  that  at  present  there  are  silver  oresf  in  which  it  is 
contained.  It  was  used  as  an  external  application  to  sore 
eyes;  and  Pliny  gives  us  the  method  of  preparing  \i.%  It 
is  probable  that  a  dark  bluish  grey  minerd,  of  a  metallic 
lustre,  was  also  known  to  them  by  the  same  names.  It  cer* 
lainly  bore  these  names  as  early  at  least  as  the  eighth  cen- 
tury. This  mineral  is  composed  of  the  metal  now  called 
antimony  and  sulphur;  but  it  was  known  by  the  name  of 
antimony  ever  since  the  days  of  Basil  Valentine  till  very 
lately.  The  metal  itself,  afler  it  was  discovered,  was  deno- 
minated regidus  of  antimony.  The  Asiatic  §  and  Grecian 
ladies  employed  this  mineral  to  paint  their  eyebrows  black. 
But  it  does  not  appear  that  the  ancients  considered  this  sub- 
stance as  containing  a  metal,  or  that  they  knew  our  anti- 
mony in  a  state  of  purity.  ||  Who  first  extracted  it  from  its 
pre  we  do  not  know;  but  Basil  Valentine  b  the  first  who 

*  Pliny,  lib.  xuiii.  cap.  6.  f  Kirwan's  Miner,  ii.  110. 

t  Pliny,  lib.  xxiiii.  cap.  0.         §  S  Kings,  ix.  30,  and  Exek.  xxiii.  40. 

II  Mr.  Roux,  indeed,  who  at  the  request  of  Count  Caylus  analysed 
■a  andeot  ourror,  found  it  composed  of  copper,  lead,  and  antimony. 
Tbb  would  go  fiur  to  oonvince  us  that  the  ancients  knew  this  metal, 
proTided  it  could  be  proved  that  the  mirror  was  really  an  ancient  one; 
but  this  point  appears  to  be  extremely  doubtfult 

VOL.  I.  :2  m 
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Book  I.    describes  the  process.    To  his  Curms  Triumphalis  Ami' 
^][|^|^-  moniiy  published  towards  the  end  of  the  fifteenth  centiiry, 
and  to  the  exertions  of  those  medical  alchymists  who  M- 
lowed  his  career,  we  are  indebted  for  almost  all  the  proper- 
ties of  this  substance. 

No  metal,  not  even  mercury  nor  iron,  has  attracted' so 
much  of  the  attention  of  physicians  as  antimony.   One  party 
extolled  it  as  an  in&llible  specific  for  every  disease:  while 
another  decried  it  as  a  most  virulent  poison,  which  oufj^t  to 
be  expunged  from  the  list  of  medicines.    Lemeri,  about  the 
end  of  the  1 7th  century,  was  the  first  chemist  who  attempted 
a  rational  account  of  its  properties;  and  Meuder,  in  1788, 
published  the  first  accurate  analysis  of  its  ores.*    But  the 
number  of  writers  who  have  made  this  metal  their  particular 
study  is  so  great,  that  it  would  be  in  vain  to  attempt  even  a 
list  of  their  names.  Bei;gman,  Berthollet,  Thenard,  Proust, 
and  Berzelius,  are  the  modem  chemists  who  have  thrown 
the  greatest  light  upon  its  properties.t 
l^^openici.       1.  Antimony  is  crf*a  greyish  white  colour,  and  haa  a  good 
deal  of  briUiancy.    Its  texture  ia  laminated,  and  exhibits 
plates  crossing  each  other  in  every  direction,  and  sometimes 
assuming  the  appearance  of  imperfect  crystals.    Haiiy  has 
with  great  labour  ascertained,  that  the  primitive  form  of 
these  crystals  is  an  octahedron,  and  that  the  integrant  par- 
ticles of  antimony  have  the  figure  of  tetrahedrons,  f     When 
rubbed  upon  the  fingers,  it  communicates  to  them  a  peculiar 
taste  and  smell. 

2.  Its  hardness  is  nearly  the  same  as  that  of  gold.  Its 
specific  gravity  is,  according  to  Brisson,  6'702;  according 
to  Bergman,  6-86.     Hatchett  found  it  6'712.§ 

3.  It  is  very  brittle,  and  may  be  easily  reduced  in  a  mor- 


*  Analysis  Antimonii  Phjsico-chim.  Rationalis. 

t  The  word  alcohol,  which  is  still  employed  in  chemistiy,  was,  if  wt 
believe  Homerus  Poppius  Tliallinus,  first  applied  to  this  mineral.  ''  His- 
panicis  mulierculis  ejus  usus  in  ciliorum  pulchritudine  concilianda  fuit 
usitatissimus :  pulverem  atitem  vocabant  alcohol  (qua  vox  etiam  adhuc 
in  Hermeticorum  laboratoriis  sonat) ;  unde  antimoiiiom  crudum  et  non- 
Hum  contusum  piedra  de  alcohol  nominarunt.''  It  was  known  among 
the  alchy mists  by  a  great  variety  of  absurd  names  y  such  as,Othia,alko- 
fbl,  alkosol,  ariesy  Satumus  philosophorumy  magnesia  Satumi,  filius  et 
nothus  Sntumi.  %  Jour,  de  Mio.  An.  t.  601. 

§  On  the  Alloys  of  Gold,  p.  68. 
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'tar  to  a  fine  powder.  Its  tenacity,  fix>m.the  experiments  of  Chap.  in. 
Muschenbroeck,  appears  to  be  such,  that  a  rod  of  tV^i  inch  ^""^^"""^ 
diameter  is  capable  of  supporting  about  10  pounds  weight. 

4.  When  heated  to  810°  Fahrenheit,  or  just  to  redness,  * 
it  melts.*  If  after  this  the  heat  be  increased,  the  metal 
evaporates.  On  cooling,  it  assumes  the  form  of  oblong 
crystals,  perpendicular  to  the  internal  surface  of  the  vessel 
in  which  it  cools.  It  is  to  this  crystallization  that  the  lami- 
nated structure  which  antimony  always  assumes  is  owing. 

II.  When  exposed  to  the  air,  it  undergoes  no  change  ex-  Oxides, 
cept  the  loss  of  its  lustre.    Neither  is  it  altered  by  being  kept 
under  water.     But  when  steam  is  made  to  pass  over  red 
hot  antimony,  it  is  decomposed  so  rapidly  that  a  violent  de- 
tonation is  the  consequence.f 

Wlien  heated  in  an  open  vessel,  it  gradually  combines 
with  oxygen,  and  evaporates  in  a  white  vapouf.  This 
vapour,  when  collected,  constitutes  a  white  coloured  oxide, 
formerly  called  argentiyie  flowets  of  antimony.  When  raised 
to  a  white  heat,  and  suddenly  agitated,  antimony  burns,  cmd 
is  converted  into  the  same  white  coloured  oxide. 

The  oxides  of  antimony  have  been  investigated  with  con- 
siderable care  by  Thenard,J  Prou8t,§  Bucholz,  and  Berzc- 
lius.  II  According  to  Thenard  this  metal  forms  no  fewer 
than  six  oxides ;  according  to  Proust  and  Bdcholz,  whose 
researches  coincide  with  those  of  Proust,  it  forms  only  two : 
while  according  to  Berzelius  it  is  capable  of  forming  four 
oxides.  The  protoxide  of  Berzelius  is  obtained  by  expos- 
ing antimony  to  the  air  or  to  the  action  of  the  galvanic  bat- 
tery. It  was  a  grey  powder.  When  acted  on  by  muriatic 
acid  it  was  separated  into  the  protoxide  of  Proust  and  me- 
tallic antimony.  Hence  it  is  probably  merely  a  mixture  of 
the  two.  Tlie  two  oxides  of  Proust  are  easily  obtained  and 
possess  specific  characters.  Berzelius  has  shown  that  the 
second  of  them  possesses  the  properties  of  an  acid.  The 
peroxide  of  Berzelius  is  also  readily  obtained ;  though  it  is 
not  easily  fi*eed  from  water.     It  Ukewise  possesses  the  pro- 

*  Mortimer;  Phil.  Trans,  for  1747,  vol.  44,  p.  672.    In  the  plate 
attached  to  the  paper. 

t  Lavoisier  and  Meusnier,  Mem.  Par.  1781,  p.  274. 

X  Ann.  de  Cbim.  xxxii.  259.  §  Jour  de  Phys.  Iv.  328. 

]|  Nicholson's  Journal,  xxxiv.  241,  313^  and  xxxv.  d8.«-AunaIs  of 
Philosopher;  iii.  248. 
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kk  the  open  air  to  a  violait  heat:  it  takes  fire^  and  a  white  Chap.  iii. 
oxide  is  aublimed,  fisrmerly  called  argentine  ^flowers  of  antu  ^^v"*^ 
nwny.    It  is  obtained  also  by  causing  hot  nitric  acid  to  act 
upon  antimony. 

This  oxide  is  of  a  fine  white  colour ;  it  is  insoluble  in 
water,  and  not  nearly  so  soluble  in  acids  as  the  protoxide. 
Neither  is  it  so  fusible  as  that  oxide^  requiring  a  pretty  vio* 
lent  heat ;  but  it  is  volatilized  at  a  lower  temperature,  form- 
ing white  prismatic  crystals  of  a  silvery  lustre.  When  melted 
with  a  fourth  part  of  antimony,  the  whole  is  converted  into 
protoxide.*  It  combines  with  bases,  and  forms  salts  to  which 
the  name  oi  antimonites  may  be  giveii.  According  to  Proust 
it  is  composed  of 

Antimony 100 

Oxygen 29'87 

According  to  Berzelius,  its  constituents  are. 

Antimony 100 

Oxygen 24-8 

It  is  quite  dear  from  its  conversion  into  protoxide  when 
fused  with  one  fourth  of  its  weight  of  antimony,  an  experi* 
ment  confirmed  by  Berzelius,  that  the  oxygen  in  the  deu- 
toxide  is  to  that  in  the  protoxide  as  4  to  9.  Hence  if  the 
composition  of  the  protoxide  as  deduced  from  my  experi- 
ments be  correct,  antimonious  add  must  be  a  compound  of 

Antimony 100 

Oxygen 23-7 

S.  Antimonic  acid  or  peroxide  of  antimony  is  obtained  Antimoiii» 
when  antimony  in  powder  is  mixed  with  six  times  its  wdght  ^'^* 
of  nitre  and  exposed  for  an  hour  in  a  silver  cnidble  to  as 
strong  a  heat  as  the  crudble  can  bear.  The  potash  and 
nitre  are  then  to  be  washed  off  with  water.  The  white 
powder  remaining  is  to  be  digested  for  a  long  time  in  muri- 
atic add  to  deprive  it  of  the  potash  whieh  it  contains.  It 
is  then  to  be  dried  and  exposed  to  a  heat  suffidently  strong 
to  drive  off  the  water  with  which  the  oxide  still  continues 
united.  It  is  now  a  straw  coloured  powdor  and  is  considered 
by  Berzelius  as  pure  antimonic  add.  It  is  obtained  also 
when  antimony  is  digested  in  nitric  or  nitromuriatic  acid 

*  Pfoait,  Jour,  de  Pbjfs.  W.  SS8. 
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Book  I.  and  the  white  powder  obtained  is  dried  at  a  temperatme 
DmsionTE.  sufficient  to  drive  off  the  water  without  disengaging  any 
^""^^^*^  oxygen.  This  oxide  is  insoluble  in  water  but  it  reddens 
vegetable  blues.  It  appears  likewise  to  be  incapable  of  com- 
bining with  acids.  When  heated  to  redness  it  gives  out 
oxygen  and  is  converted  into  antimonious  acid.  Berzelius 
did  not  succeed  in  analysing  it  but  he  concludes  from  anar 
logy  that  it  contains  twice  as  much  oxygen  as  exists  in  the 
protoxide^  or  that  it  is  composed  of 

Antimony 100 

Oxyg^ 37*2 

according  to  his  analysis  of  the  sulphuret ;  or  of 

Antimony 100 

Oxygen 35*556 

according  to  mine. 

Our  knowledge  of  the  composition  of  the  oxides  of  anti- 
mony is  still  too  imperfect  to  enable  us  to  determine  the 
weight  of  an  atom  of  this  metal  with  any  great  accuracy. 
But  there  seems  every  reason  to  conclude  that  the  sulphuret 
of  antimony,  from  which  the  composition  of  the  protoxide 
has  been  deduced  is  a  compound  of  1  atom  metal  +  1  atom 
sulphur.  On  that  supposition  the  weight  of  an  atom  of  an- 
timony will  be  5*625. 

The  protoxide  of  antimony  is  soluble  in  acids,  and  forms 
salts,  some  of  which,  {tartar  emetic  for  instance)  are  nearly 
neutral ;  but  the  deutoxide  and  peroxides  of  antimony  pos- 
sess the  characters  of  acids.  Hence  antimony  might  have 
been  placed  under  the  preceding  genus  as  well  as  the  pre- 
sent. I  was  induced  to  give  it  the  present  position^  because 
the  deutoxide  of  antimony,^'hich  is  the  most  intimate  com- 
pound of  this  metal  and  oxygen,  possesses  acid  characters. 
Chloride.  IIL  Antimony  has  a  strong  affinity  for  chlorine.  When 
introduced  into  chlorine  gas  it  takes  fire  and  is  converted 
into  chloride  of  antimony.  This  chloride  is  most  easily  ob- 
tained by  distilling  a  mixture  of  2  parts  of  corrosive  subli- 
mate and  1  part  of  antimony.  .  A  fatty  mass  of  a  greyish 
white  colour  comes  over,  often  crystallized  in  four-sided 
prisms.  This  substance  was  formerly  distinguished  by  the 
name  of  butter  of  antimony.  It  melts  at  a  moderate  heat,  is 
very  volatile,  and  is  decomposed  when  mixed  with  water, 
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white  oxide  of  antimony  and  muriatic  acid  being  formed.  Chap.  in. 
According  to  the  analysis  of  Dr.  John  Davy,*  the  chloride  ^— v— ^ 
of  antimony  is  a  compound  of 

Antimony....  54*88    ....  100        ....  5*472 
Chlorme 45*12    ....     82*22    ....  4*5 

Hence  it  is  obvious  that  the  chloride  of  antimony  is  a 
compound  of  1  atom  antimony  ai^d  1  atom  chlorine.  This 
analysis  then  serves  to  confine  the  weight  of  an  atom  of 
antimony. 

IV.  Antimony  is  easily  united  with  iodine  by  heat    The  Iodide, 
iodide  of  antimony  has  a  dark-red  colour.     When  digested 

in  water,  it  is  entirely  decomposed,  and  converted  into 
hydriodic  acid  and  oxide  of  antimony.  It  has  not  been 
analysed ;  but  it  is  probably  a  compound  of  1  atom  anti- 
mony +  1  atom  iodine,  or  by  w*eight  of 

Antimony  •  •     5*625 
Iodine 15*625 

V.  We  are  ignorant  of  the  action  of  fluorine  on  anti-* 
mony.  This  metal  does  not  combine  with  azote  nor  hydro- 
gen. We  are  acquainted  with  no  compoimd  that  it  forms 
with  carbon,  boron,  or  silicon. 

VI.  When  equal  parts  of  antimony  and  phosphoric  glass  Photphu- 
are  mixed  together   with  a  little  charcoal  powder,  apd  "^ 
melted  in  a  crucible^  phosphuret  of  antimony  is  produced. 

It  is  of  a  white  colour,  brittle,  appears  laminated  when 
broken,  and  at  the  fracture  a  number  of  small  cubic  facettes 
are  observable.  When  melted  it  emits  a  greep  flame^  and 
the  white  oxide  of  antimony  sublimes.  Phosphuret  of 
antimony  may  likewise  be  prepared  by  fusing  equal  parts  of 
antimony  and  phosphoric  glass,  or  by  dropping  phosphorus 
into  melted  antimony.f 

VII.  Sulphuret  of  antimony  may  be  formed  by  mixing  Sulphuret. 
its  two  component  parts  together,  and  fusing  them  in  a 
crucible.  It  has  a  dark  bluish-grey  colour,  with  a  lustre 
approaching  the  metallic.  It  is  much  more  fusible  than 
antimony,  and  may  be  crystallized  by  slow  cooling.  This 
sulphuret  occurs  native,  and  constitutes  almost  the  only  ore 

*  Phil.  Trans.  181S,  p.  189.    I  have  corrected  his  numbers  by  my 
analysis  of  the  sulphuret  of  antimony, 
t  Pelletier,  Ann.  de  Chim.  xiii.  132. 
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UL  Antimony  oombinei  with  potaauom  with  great 
energy  when  heated  with  it;  the  alloj  becoming  red-hot 
at  the  moment  of  onion.  This  alloy  is  brittle^  not  so  white 
as  tin,  and  not  ^ery  fusible.  In  the  air,  or  mider  water^ 
it  is  speedily  destroyed.^ 

It  may  be  alloyed  nearly  in  the  same  way  with  aodimn. 
The  alloy  possesses  the  same  properties.f$ 
Iraa,  X.  Iron  combines  with  antimcmy  fay  fiision,  and  ibrms  a 

brittle  hard  white-coloured  alloy,  the  wpedBc  gravity  of 
niiich  is  less  than  intermediate.  The  magnetic  qnafity  of 
hron  is  mnch  more  diminished  by  being  alloyed  with  anti^ 

*  AmwU  of  Philotophj,  it.  96.  f  Jour,  dc  Fhyt.  W.  325. 

t  Ann.  des  Mot.  dliist.  Nat.  xrii.  153. 

{  PhU.  Trans.  1813,  p.  S31.  |  Opnte.  iii.  167. 

••  Annals  of  Philosophy,  iy.  99. 

tt  Nicholson's  Joonud,  zxxit.  S44. 

1 1  Gay-LossM  and  Tbenard ;  Rschercbei  PbyBico-diiiniqoeSt  i,  tltt. 

f  S  Ibid.  p.  S4i. 
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inony  than  wiih  moft  other  metals.*    This  alloy  may  be  Chap.  in. 
obtained  also  by  ftuing  in  a  cradble  2  parts  of  sulphuret 
and  1  of  ircm.    It  was  formerly  called  martial  regulus. 

XI.  The  alloys  which  antimony  forms  with  nickd, 
cobalt,  manganese,  cerium,  and  uranium,  are  unknown. 

XII.  Zinc  may  b^  readily  combined  with  antimony  by 
fusion.  The  alloy  is  hard  and  brittie,  and  has  the  oc^our 
of  steel.    Its  specific  gravity  is  less  than  intermediatcf 

XIII.  Antimony  forms  a  brittie  alloy  with  bismuth;  Bi 
to  manganese  it  unites  but  imperfectly :  %  the  compounds 
which  it  forms  with  nickel  and  cobalt  have  not  been  cxr 
amined. 

XIV.  When  equal  parts  of  lead  and  antimony  are  fused,  Len^ 
the  alloy  is  porous  fmd  brittle:  3  parts  of  lead  and  1  of 
antimony    form   a  compact  alloy,  malleaUe^   and  much 
harder  than  lead :  12  parts  of  lead  and  1  of  antimony  form 

an  alloy  very  malleable,  and  a  good  deal  harder  than  lead: 
16  parts  of  lead  and  1  of  antimony  form  an  alloy  which  does 
not  differ  from  lead  except  in  hardnes8.§  This  alloy  forms 
printers'  types.  Its  tenacity  is  very  considerable^  ||  and  its 
specific  gravi^  is  greater  than  the  mean.** 

XV.  The  idloy  of  tin  and  antimony  is  white  and  brittle;  Ti% 
its  specific  gravity  is  less  than  intermediate.ff    This  alloy 

is  employed  for  different  purposes;  particularly  for  making 
tiie  plates  on  which  music  is  engraved. jij:  Pewter  often  coih 
sists  chiefly  of  this  alloy. 

Thenard  has  pointed  out  a  remarkable  property  in  this 
alloy.  If  its  solution  in  muriatic  acid  be  diluted  with  water 
tiie  whole  of  the  two  metals  is  precipitated.}^ 

XVI.  Copper  combines  readily  with  antimony  by  fusion.  Copptf;^ 
The  alloy  is  brittie  when  it  consists  of  equal  parts  of  the 

two  metals,  is  of  a  beautiful  violet  colour,  and  its  specific 
gravity  is  greater  than  intermediate.il  ||  This  alloy  was  called 
regulus  of  Venus  by  the  alchymists. 

XVII.  Pott  first  observed  that  antimony,  reduced  from  Mtreuiy, 
its  sulphuret  by  means  of  iron  and  chalk,  unites  readily 

with  mercury  by  trituration.      Antimony  may  be  easily 

*  Gellert,  p.  136.  t  Ibid. 

}  Gmelin,  Ann.  de  Chim.  xix.  367. 

§  Gmelin,  Ann.  de  Chim.  viii.  319.  ||  Mathenbroeck. 

<*•  Geilerty  p.  136.  tf-  GeUerty  p.  ^36.         tt  Fourcroy,  vi.  95. 

li  /isvsi.  da  Chim.  Iv.  S76.  H  ||  Gellert,  p.  136. 
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SECT.  IL  Ch;ip.  III. 

OF   CHROMIUM. 

• 

In  the  year  1766,  Lehman,  in  a  letter  to  Buffon,  pub-  Histofj. 
lished  the  first  description  of  a  beautiful  red  mineral  with  a 
shade  of  yellow,  crystallized  in  four-sided  prisms,  which  is 
found  in  the  mine  of   Beresof,    near  Ekaterimbourg  in 
Siberia.     This  mineral,  known  by  the  name  of  red  lead  tyre 
of  Siberia^  was  used  as  a  paint,  and  is  now  become  exceed- 
ingly scarce  and  dear.     It  was  examined  soon  after  by 
PaUas,  who  considered  it  as  a  compound  of  lead,  arsenic, 
and  sulphur.     Macquart,  who  in  1783  was  sent  upon  a 
mineralogical  expedition  to  the  north  of  Europe,  having 
brought  a  quantity  of  it  to  Paris,  analysed  it  in  1 789,  in 
company  with  Mr.  Vauquelin.    These  gentlemen  concluded, 
from  their  analysis,  that  it  is  a  compound  of  the  oxides  of 
lead  and  of  iron.     On   the  other  hand,  Mr,  Bindheim  of 
Moscow  concluded,  from  an  analysis  of  his  own,  that  it« 
ingredients  are   lead,  molybdic  acid,   and  nickel.     These 
discordant  analyses  destroyed  each  other,  and  prevented 
mineralogists  from  putting  any  confidence  in  either.    This 
induced  Vauquelin,  who  had  now  made  himself  a  consum- 
mate master  of  the  art  of  analysing  minerals,  to  examine  it 
again  in  1797.*    He  found  it  a  combination  of  the  oxide 
of  lead  and  an  acid,  with  a  metallic  basis,  never  before  ex* 
amined.     By  exposing  this  acid  to  a  violent  heat  along  with 
charcoal  powder,  he  reduced  it  to  the  metallic  state ;  and  to 
the  metal  thus  obtained  he  gave  the  name  oi  chromium.^ 
The  experiments  of  Vauquelin  have  been  since  repeated  and 
verified  by  Klaproth,  j:  Gmelin,  §  and  Moussin  Pouschkin.^ 
Richter  has  succeeded  in  reducing  chromium  to  the  metal- 
lic state,  and  in  ascertaining  some  of  its  most  important 

^  Ann.  de  Chim.  xxv.  21,  and  194. 

t  From  ;c;^Y«a,  because  it  possesses  the  property  of  giving  colour  to 
other  bodies  in  a  remarkable  degree. 

X  Creirs  Annals,  1798,  i.  80.  Mr.  Klaproth  had  examined  the  red 
lead  ore  in  consequence  of  the  analysis  of  Bindheim.  His  experiments 
led  him  to  conclude,  that  the  metallic  acid,  combined  with  the  lead, 
was  not  the  molybdic,  but  the  acid  of  som«  new  unknown  metal ;  but 
his  specimen  was  too  small  to  enable  him  to  decide  the  point.  In  the 
mean  time,  Vauquelin's  experiments  were  published. 

§  Ibid.  1799,  i.  275.  fi  Ibid.  1796,  i.  355,  &c. 
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II.  Chromiiim  is  not  altered  by  exposare  to  die  air :  but  Cbtp.  iir. 
vfhen   heated    it   is  gradually  converted  into  an  oodde.  ^^— -v^*-^ 
Whether  it  is  altered  by  being  kept  under  water  has  not  ^******' 
been  ascertained.     Chromium  seems  capable  of  combining 
widi  three  different  proportions  of  oxygen,  and  of  forming 
three  oxides;  namely,  the  green,  ihebrown^  and  the  yellow 
or  chromic  acid. 

1.  The  protoxide  or  green  oxide  is  obtained  by  die  pro-  Procoude. 
cess  above  desi^ribed.      It  may  be  procured  likewise  by 
exposing  chromic  acid  to  heat  in  close  vessels ;  oxygen  gas 
passes  over,  and  the  green  oxide  remains  bdiind.     When 

this  oxide  is  precipitated  from  its  solution  in  acids,  it  has  a 
dark  green  colour,  and  contains  water,  from  which  however 
it  is  easily  separated  by  heat.  It  is  easily  dissolved  by  acids. 
But  if  it  be  exposed  to  aheatrather  below  redness,  it  becomes 
ignited,  diminishes  in  bulk,  and  assumes  a  fine  light  greep 
colour.  It  is  now  quite  insoluble  in  acids,  yet  it  has  lost  no 
weight.* 

2.  The  deutoxide,  or  brown  oxide,  is  intermediate  between  Deucozide. 
the  green  oxide  and  chromic  acid.     Moussin  Pouschkin, 

who  first  described  this  oxide,  compares  it  to  the  brown 
oxide  of  iron.t  It  has  been  since  more  particularly  exar 
mined  by  Vauquelin.  It  may  be  obtained  thus :  Dissolve 
protoxide  of  chromium  in  nitric  acid,  evaporate  the  solutioD 
to  dryness  and  expose  the  dry  mass  to  heat  till  it  ceases  to 
give  out  nitrous  fumes.  A  brown  brilliant  powder  remain^ 
which  is  scarcely  soluble  in  alkalies,  and  not  at  all  in  acids. 
When  heated  with  muriatic  add,  chlorine  gas  is  exhaled 
and  it  is  converted  into  protoxide.  Hence  we  see  that  it 
contains  more  oxygen  than  the  protoxide. 

3.  Chromic  acid  has  a  d^p  red  colour,  and  a  sharp  and  Chromie 
metallic  taste.     It  is  soluble  in  water,  and  crystallizes  with  ^^ 
difficulty  in  small  ruby  red  crystals,  which  slowly  absorb 
moisture  from  the  atmosphere.     It  is  converted  into  green 
oxide  by  the  action  of  sulphureted  hydrogen,  sulphurous 

acid,  protoxide  of  iron,  protoxide  of  copper,  and  protoxide 
of  tin.  It  combines  with  the  different  bases,  and  forms  salts 
whidi  have  been  called  chromates. 

*  Beixdius;  Annals  of  PhUosophj,  isi.  105. 
t  Crell's  Annals,  1798,  ii.  445. 


t 


MOLYBDENUM*  54S 

the  following  properties :  light,  friable,  and  soft,  of  a  dark  ^bap.  ill. 
colour  and  greasy  feel,  and  which  leave  a  stain  upon  the  ^^^^ 
fingers.  Scheele  first  examined  these  minerals  with  attri- 
tion. He  fomid  thai  two  very  different  substances  had  been 
confomided  together.  To  one  of  these,  which  is  composed 
of  carbon  and  iron,  and  which  has  been  already  described, 
he  appropriated  the  word  plumbago;  the  other  he  called 
molybderuu 

Molybdena  is  composed  of  scaly  particles  adhering 
slightly  to  each  other.  Its  colour  is  bluish,  very  much 
resembling  that  of  lead.  Scheele  analysed  it  in  1778,  and 
obtained  sulphur  and  a  whitish  powder,  which  possessed  the 
properties  of  an  acid,  and  which,  therefore,  he  called  add  of 
molybdena.*  Bergman  suspected  this  acid,  from  its  proper- 
ties, to  be  a  metallic  oxide ;  and  at  his  request,  Hjelm,  in 
1782,  undertook  the  laborious  course  of  experiments  by 
which  he  succeeded  in  obtaining  a  metal  from  this  acid. 
His  method  was  to  form  it  into  a  paste  with  linseed  oil, 
and  then  to  apply  a  very  strong  heat.  This  process  he 
repeated  several  times  successively.f  To  the  metal  which 
he  obtained  he  gave  the  name  of  molybdermm^X  The  experi- 
ments of  Scheele  were  afterwards  repeated  by  Pelletier,§  Use- 
man,  II  and  Heyer;  **  and  not  only  fully  coitfirmed,  but  many 
new  facts  were  discovered,  and  the  metallic  nature  of  mo- 
lybdic  acid  was  put  beyond  a  doubt :  though,  in  consequence 
of  the  very  violent  beat  necessary  to  fuse  molybdenum,  only 
very  minute  grains  of  it  have  been  hitherto  obtained  in  the 
state  of  a  metal.  Still  more  lately  Mr.  Hatchett  published 
a  very  valuable  set  of  experiments,  which  throw  much  new 
light  upon  the  nature  of  this  metal.ff  We  are  indebted  to 
Bucholz  for  the  last  and  not  the  least  elaborate  and  import- 
ant set  of  experiments  on  this  refractory  metal  and  its 

compounds.:tt 

The  simplest  method  of  procuring  molybdenum  in  a  state  How  pra- 
of  purity  seems  to  be  that  put  in  practice  by  Hjelm.     Mo-  ^^^^ 
lybdena    is  roasted  in  a  moderate  red-heat  slowly  and 
repeatedly,  till  the  Whole  is  reduced  to  the  state  of  a  fine 

*  Scheele,  i.  SS6.         f  Bergman's  Sciagraphia,  p.  19,  Eng.  traii^. 
J  Creirs  Aouals,  1790,  i.39.  &c.     §  Jour,  da  Phjs.  17B5,  Decembre. 
II  CrcU's  Annals,  1787,  i.  407.    ••  Creli's  Annals,  1787,  ii.  27,  and  124. 
ft  Phil.  Trans.  Vm,  p.  3«3.  «  Gehlen'a  Jour.  iv.  398. 
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iybdate  of  ammonia  to  dryness,  put  the  dry  mass  into  a  Chap.  ill. 
crucible^  cover  it  with  charcoal  powder  and  expose  it  to  a  ^-*v— ^ 
white  heat.    The  brown  oxide  will  be  found  at  the  bottom 
of  the  crucible.     It  has  a  crystallized  appearance,  a  copper- 
brown  colour,  and  a  specific  gravi^  of  5*666.     It  is  incar 
pable  of  forming  salts  with  acids. 

2.  The  blue  oxide  or  molyhdous  acid  may  be  obtained  by  Molybdous 
the  following  process :    Mix  together  1  part  of  molybde-  '^'^^ 
num  in  powder  and  2  parts  of  molybdic  acid,  and  triturate 

them  in  a  porcelain  mortar  made  into  a  pap  with  hot 
water  till  the  mixture  becomes  blue,  then  add  8  or  10  parts 
of  water,  and  boil  the  whole  for  a  few  minutes.  Filter  the 
solution,  and  evaporate  in  a  temperature  not  exceeding  120^«» 
The  blue  oxide  remains  in  the  state  of  a  fine  powder.  If 
the  whole  of  the  mixture  of  molybdenum  and  molybdic  acid 
be  not  dissolved,  the  process  may  be  repeated  with  the 
residue  as  often  as  is  necessary.  This  blue  oxide  possesses 
in  fact  the  properties  of  an  acid.  It  converts  vegetable  blues 
to  red,  is  soluble  in  water,  combines  with  the  saline  bases, 
and  forms  salts.  Molybdenum  appears  always  to  be 
converted  into  this  oxide  when  left  in  contact  with  water 
and  air,  or  when  water  mixed  with  it  is  slowly  evapo- 
rated. The  blue  oxide  seems  to  be  composed  of  about  100 
parts  metal  and  84  oxygen. 

3.  The  white  oxide,  or  molybdic  acid,  is  obtained  most  Molybdit 
easily  ft'om  native  molybdena,  by  roasting  it  for  some  time^  *^*^* 
and  then  dissolving  the  grey  residue  in  ammonia.     Nitric 

acid  dropped  into  the  solution  precipitates  the  molybdic  acid 
in  a  state  of  purity.*  The  acid  thus  obtained  is  in  fine  white 
scales;  but  when  melted  and  sublimed  it  becomes  yellow. 
Its  properties  were  first  investigated  by  Scheele.  It  converts 
vegetable  blues  to  red ;  but  according  to  Bucholz,  not  with 
so  much  readiness  as  the  blue  oxide,  which  in  his  opinion  is 
the  more  powerful  acid  of  the  two. 

From  the  experiments  of  Berzeliusf  it  appears,   that 
molybdate  of  lead  is  composed  of 

Molybdic  acid       100        9*023 

Protoxide  of  lead 165*15   U 

From  this  we  see  that  the  equivalent  number  for  molyb- 

*  Bucholz,  Ghelen*s  Journ.  iv.  604. 
t  Aonals  of  Philosophy,  iii.  101. 
vol.  I.  2  N 
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tnolybdic  acid  and  5  parts  of  sulphur.     AccotSAg  to  fte  Chap.  m. 
experiments  of  Bucholz  this  sulphuret  is  composed  of  ^^— v*^ 

Molybdenum ..  •  100 
Sulphur 66'5 

Hence  it  is  obviously  a  compound  of  1  atom  molybdenum 
-+  2  atoms  sulphur.     For  diis  compound  giTes  bj  weighty 

Molybdenum  . .  6 100 

Sulphur 4 66*6  -^ 

Wliich  corresp(xids  almost  exactly  with  Buchols's  analysis^  Alloys  with 

V.  When  arsenic  and  molybdenum  are  melted  to^he^^  Aneaic^ 
the  vrhole  of  the  arsenic  sublimes ;  but  when  oxide  of  arsenic 

is  employed,  a  combination  takes  place,  froat  which  the 
arsenic  is  not  easily  Sparable  again.^ 

VI.  Nothing  is  knoMrn  respecting  the  alloys  of  Inolybde^ 
num  with  the  metals  of  tlie  fixed  alkaliesi  alkflUneeaHjifli 
and  earths  proper. 

VIL  Eiqual  quantities  of  iron  and  moljrbdennm  melt  Iron, 
readily^  and  form  a  brittle  iUloy,  of  a  blui^  grey  colour,  ^  ' 
and  considerable  hardness.  Its  fracture  was  fine^  scaly,  and 
granular.  Before  the  blow-pipe  it  melted  with  intumescence^ 
but  without  sparks.  One  part  of  iron  and  two  of  molybde* 
Dum  formed  a  ^brittle  alloy  of  fine  grained  texijure,  and 
light-grey  colour.  It  was  magnetic,  and  did  not  mdt  before 
the  blot¥-pipe.  Of  all  the  ibetals,  iron  aeema  to  Qnlbe  most 
readily  with  molybdenum.t 

VIII.  Equal  quantities  of  molybdenum  and  aicikdi  melted  Nickel, 
into  a  button,  internally  of  a  light-grey  colour,  yielding 
somewhat  to  the  hammer  before  it  broken  and  exhibiting  a 
granubr  texture.     It  was  not  magnetic,  and  did  not  mdt 
before  the  blow-pipe.  When  the  proportion  of  molybdaium 

is  increased,  the  fusion  of  the  alloy  b^coides  more  diffi* 
cult ;  in  other  respects,  its  properties  continue  nearly  the 
same.l 

IX.  Equal  parts  of  cobalt  and  molybdenum  melted  into  Cobilt» 
A  button  of  a  grey  colour,  brittle,  and  of  difficult  fusion* 
Two  parts  of  cobalt  and  four  of  molybdenum  gave  an  alloy 

of  a  sparkling  reddish-grey  colour,  hard,  fabrittle,  not  at^ 

*  CfW§  AmMh^  p.  36a.  f  Ibid.  p.  370.  X  Ibid.  iii.  367. 

2n2 


1 


548  SIBiFLE  OOMBUSTIBLE^ 

BookL    tnetcd  by  the  magneti  internaUy  granoltf 

y^^^^^S' grey  colonr.* 

X.  Equal  parts  of  manganwift  and  mdybdennm  melted 
into  an  inegdar  bottxm^  not  fiisible  before  the  blow-pipe^ 
and  not  oolouruig  Ixnrax  tiU  after  it  had  been  roasted.f 

^Ome,  XL  The  Tokt^  of  nnc  renders  ft  difficok  to  alloy  diat 

metal  with  molybdenum.  Equal  parts  of  the  two  metab^ 
strongly  heated  in  a  eovered  crucible^  left  a  Uadc  mass 
ahnost  in  a  powdery  state4 

WtutoAf  XIL  The  cmnhinatiop  of  Usmuth  and  molybdenum  is 
eqnalty  obstructed  by  the  Tolaliliqr  of  the  former  metaL 
When  they  are  mdted  togedier^  the  bismuth  ii  driven  dS, 
and  a  Uadc  brittle  mass  remains,  consisting  chiefly  df 
molybdenum.  Four  parts  of  bismndi  and  one  of  molybde- 
nnm,  being  mdted  together  ui  a  bed  of  charooal»  gave  a 
black  farktle  mas%  togedwr  with  a  button  of  hismntb,  which 
fetained  a  portion  dt  molybdenum.  Tins  button  bore  a 
ftw  strokes  of  the  hammer,  but  at  length  broke  in  pieces^ 
bs  texture  was  doser  than  Usmuth,  and  it  was  very  fouiiUe.^ 

^^^  XIII.  Ten  parts  of  lead  and  one  of  molybdenum,  when 

melted  together,  fonn  an  alloy  whidiii  some  what  malleaU^ 
and  whiter  than  pure  lead.  When  kept  heated,  the  lead 
partly  eliquates.  When  the  pn^rtion  of  molybdenum  is 
increased,  the  alloy  becomes  brittle^  dark-cdoured,  and 
more  difficult  of  fosion.|| 

T^»  XIV.  Equal  parts  of  tin  and  molybdenum  melted  into  a 

bladdsb-grey,  granular,  brittle,  soft  mass.  Wh^i  2  parts 
of  tin  and  I  of  molybdenum  were  melted  together,  the 
alloy  is  harder  than  the  preceding,  but  in  other  respects 
agreed  with  it.  Four  parts  of  tin  and  one  of  molybdenum 
formed  a  still  harder  alloy,  which  admitted  of  being  ham- 
mered a  little^  did  not  crackle  like  tin  when  bent,  and  in  its 
fracture  exhibited  a  gre]rish  colour  and  granular  texture. 
When  stron^y  heated,  the  tin  did  not  eliquate  till  the 
alloy  was  pressed  with  the  forceps.** 

Copper,  XV.  Equal  parts  (rf*  molybdenum  and  copper  formed  an 

alloy  which  yidded  to  the  hammer  a  little,  but  at  length 
broke  in  pieces,  exhibiting  a  granular  texture,  and  a  bluish 
colour  mixed  with  red.     It  admitted  of  being  filed ;  and  the 

*  Crali's  Amudsy  p.  371.  f  Ibid.  p.  376.  J  Ibid.  p.  575. 

f  Ibid.  p.  363.  U  Ibid.  p.  388.  ••  Ibid.  p.  373. 
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snr&ce  thus  exposed  was  paler  than  copper,  and  did  not  Chap.  iii. 
lose  its  lustre  by  exposure  to  the  air.  Four  parts  of  copper  ^^""V^ 
and  I-)-  molybdenum  formed  an  alloy  not  very  different  in 
its  properties;  but  when  the  metals  were  mixed  in  the  pro- 
portion of  1  part  copper  and  2  molybdenum,  the  fdloy 
was  brittle,  and  of  a  reddish-grey  colour.  Nitric  acid 
dissolved  the  copper,  and  left  the  white  oxide  of  molybde- 
num.* 

XVI.  Hjelm  could  not  succeed  in  his  attempts  to  unite 
mercury  and  molybdenum.t 

XVII.  Four  parts  of  silver  and  two  of  molybdenum  were  silver^ 
strongly  heated  in  a  crucible,  but  did  not  yield  a  button. 
By  continuing  the  heat  a  portion  of  the  silver  eUquated, 
still  retaining  a  part  of  the  molybdenum,  and  becoming 
bluish  when  heated.  The  residuum  being  melted  again  in 
charcoal,  became  more  compact,  was  brittle,  of  a  grey  co- 
lour, and  a  granular  texture.  V(^en  melted  by  itself  silver 
eliquidated.  By  nitric  acid  Ae  silver  was  taken  up  from 
iJiis  alloy,  and  the  molybdenum  converted  into  white  oxide. 

Four  parts  of  silver  and  1  of  molybdenum  gave  a  malle- 
able compound,  but  it  could  not  be  melted  into  a  round 
button.    It  was  of  a  silver  colour  and  granular  texture. 

One  part  of  silver  and  1i  of  molybdenum  melted  into  a 
granular,  brittle^  greyish  lump.  When  heated  on  charcoal 
the  molybdaium  evaporated  and  the  silver  remained. 
The  molybdenum  may  be  separated  from  silver  by  cupella- 
tion,  especially  if  the  alloy  has  been  previously  calcined.^ 

XVIII.  With  gold  it  melts  only  imperfecdy,  and  forms  Gold, 
a  blackish  britde  mass,  from  which  a  considerable  portion 
of  the  gold  eliquates  when  it  is  kept  in  a  strong  heat.  The 
alloy  is  attacked  by  nitric  acid.  The  gold  subsides  in  the 
state  of  a  fine  powder,  and  the  molybdenum  lies  over  it  in 
the  form  of  white  oxide.     The  proportions  tried  were 

Gold 6,4,2. 

Molybdenum  .  •  S,  2,  2. 

None  of  these  compounds  could  be  brought  into  perfect  Pluimiai, 
iiision  even  by  the  assistance  of  borax.  § 

XIX.  Equal  parts  of  platinum  and  molybdenum  melted 
Into  a  hard  irrqfular  brittle  mass,  of  a  close  texture,  a  light 

^  Crell's  Annals,  p.  366.        f  Ibid.  iii.  358.        I  Ibid.  iii.  361. 
I  HJelm,  Crell'ft  Annals,  iii.  356,  Eng*  Trans. 
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The  experiments  of  the  Elhuyarts  were  repeated  in  1796  ^^^9-  ^i^- 
by  Vauquelin  and  Hecht,  in  general  with  success ;  but  they  ^"v"*"^ 
were  unable  to  procure  the  metal  completely  fused,  though 
this  had  been  accomplished  by  the  Spanish  chemists.*  Nor 
is  this  to  be  wondered  at,  as  Dr.  Pearsonf  and  Mr.  Klap- 
rotikX  had  made  the  same  attempt  before  them  without  suc- 
ceeding. The  fusion  of  this  metal  has  been  also  accom- 
plished by  Messrs.  Allen  and  Aiken  of  London.  They 
succeeded  by  applying  a  strong  heat  to  the  combination  of 
the  oxide  of  tungsten  and  ammonia.^  Since  that  time  a 
6et  of  experiments  on  tungsten  has  been  published  by  Bu- 
cholzy  II  and  some  valuable  investigations  on  the  composi-  \ 

tions  of  its  oxides  have  been  made  by  Berzclius.*^ 

1.  Tungsten,  called  by  some  of  the  German  cliemists  scliee^  Properties. 
Uumy  and  by  Berzelius  wolframium^  is  of  a  greyish-white 
Colour,  or  rather  like  that  of  steel,  and  has  a  good  deal  of 
brilliancy. 

2.  It  is  one  of  the  hardest  of  the  metals ;  for  Vauquelio 
and  Hecht  could  scarcely  make  any  impression  upon  it  with 
a  file.  It  seems  also  to  be  britde.  Its  specific  gravity,  ac- 
cording to  the  D' Elhuyarts,  is  17-6;  according  to  Allen 
and  Aiken,  17'33.tt  Bucholz  found  it  17 '4,}: J  which  being 
nearly  a  mean  of  the  preceding  re^sults  may  be  taken  as  very 
near  the  truth.  It  is  therefore  the  heaviest,  of  the  metals 
afler  gold,  platinum,  and  iridium. 

S.  It  requires  for  fusion  a  temperature  at  least  equal  to 
170°  Wedgewood.  It  seems  to  have  the  property  of  crys- 
tallizing on  cooling,  like  all  the  other  metals ;  for  the  im- 
perfect button  procured  by  Vauquelin  and  Hecht  contained 
a  great  number  of  small  crystals. 

4.  It  is  not  attracted  by  the  magnet. 

II.  When  heated  in  an  open  vessel,  it  gradually  absorbs  Oxides, 
oxygen,  and  is  converted  into  an  oxide.     Tungsten  seems 
capable  of  combining  with  two  different  proportions  otoxy* 

*  Jour,  de  Min.  No.  xix.3.      f  Transl.  of  the  Chem.  Nomenclatttre. 

J  Observ.  on  tlie  Fossils  of  Coniwall,  p.  77. 

§  Ailcen's  Dictionary  of  Chemistry,  ii.  445. 

H  Schweigger's  Journal,  iii.  1 ;  and  Annals  ofPhilotophy;  vi.  198. 

♦♦  Annals  of  Philosophy,  iii.  244. 

ft  Aiken's  Dictionary  of  Chemistry,  ii.  4iiSf. 

}|  Annuls  of  Philosophy^  vi.  905. 
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same  as  the  yeUow.  Both  possess  the  properties  of  an  add 
and  form  the  same  compounds  with  bases. 

From  the  experiments  of  Bertelius  it  appears  that  tung- 
state  of  lime*  is  composed  of 

Tmigsticacid  ••••  100        ....  15*03' 
Lime 24*12   ....     8*625 

From  this  it  follows  that  the  equivalent  number  for  tong- 
stic  acid  is  15'2»  Messrs.  D'Elhuyarts,  Bucholz,  and  Her- 
zdiusf  have  shown  that  tungstic  acid  is  composed  of 

Tungsten 100 

Oxygen  ••••..•    25 

If  we  divide  15  in  the  proportion  of  100  to  ^5^  we  obtaoi 
the  composition  of  tungstic  acid  as  follows: 

Tungsten 12    100 

Oxygen 3   25 

Hence  it  appears  that  tungstic  acid  is  a  compound  of  1 
atom  tungsten  and  3  atoms  oxygen,  and  that  an  atom  of 
tungsten  weighs  12. 

Berzelius  has  shown  that  brown  oxide  of  tungsten  con- 
tains very  nearly  two  thirds  the  quantity  of  oxygen  that 
^sts  in  tungstic  add,  or  that  itis  a  compound  of  about 

Tungsten 100 

Oxygen 16*6 

If  we  consider  it  as  a  compound  of  1  atom  tungsten  +  9 
atoms  oxygen,  its  composition  will  be 

Tungsten 12   100 

Oxygen 2   16*6 

Which  corresponds  exactly  with  the  analysis. 

III.  We  are  ignorant  of  the  compounds  which  tungsten 
forms  with  chlorine,  iodine,  and  fluorine. 

It  probably  does  not  combine  with  azote  nor  with  hydro- 
gen. We  are  unacquainted  with  all  the  combinations  which 
it  may  form  with  the  simple  acidifiable  combustibles  except 
^e  sulphuret    Pelletier  indeed  ascertained  that  it  combines 

^  Afbiusdliogar,  iv.  407,  t  Annsls  of  Philosophy,  iii.  245. 
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$r  The  button  formed  with  tin  was  of  a  lighter  br<Km  Chap,  in, 
riian  the  last,  very  spongy,  somewhat  ductile,  and  weighed 
138  grains. 

7«  That  with  antimony  was  of  a  dark  brown  colour,  shin* 
ing,  something  spongy,  harsh,  and  broke  in  pieces  easily ; 
it  weighed  108  grains* 

8.  That  of  bismuth  presented  a  fracture  which,  when 
seen  in  one  light,  was  of  a  dark  brown  colour,  with  the  lustre 
of  a  metal;  and,  in  another,  appeared  like  earth,  without  any 
lustre  ;  but  in  both  cases  one  could  distinguish  an  infinity  cf 
little  holes  over  the  wliole  mass.  This  button  was  pretty 
hard,  harsh,  and  weighed  68  grains. 

9.  With  manganese  it  gave  a  button  of  a  dark  bIniA«- 
brown  colour  and  earthy  aspect;  and,  on  examining  the  ini^ 
temal  part  of  it  with  a  lens,  it  resembled  impure  dross  of 
iron:  it  weighed  107  grains.* 


SECT.  V. 

OF   COLUMBIUM   OR  TANTALUM. 

In  the  year  1801,  while  Mr.  Hatchett  was  engaged  inHiiiofyi^  t 
arranging  some  minerals  in  the  British  Museum,  a  darkr  '* 

coloured  heavy  substance  attracted  hb  attention,  on  account 
of  some  resemblance  which  it  bore  to  chromate  of  iron.  The 
specimen  was  small.  It  was  described  in  Sir  Hans  Slqane't 
catalogue  as  ^^  A  very  heavy  black  stone  with  goldea 
streaks ;"  and  it  appears  that  it  was  sent,  along  with  variou$ 
specimens  of  iron  ores,  to  Sir  Hans  Sloane  by  Mr.  Win* 
throp  of  Massachusetts.  Its  colour  was  a  dark  brown  grey ; 
its  longitudinal  fracture  imperfectly  lamellated,  and  its  cross 
fracture  showed  a  fine  grain.  Its  lustre  was  glassy,  and  in 
some  parts  slightly  metallic.  It  was  moderately  hard,  but 
very  brittle.  By  trituration  it  yielded  a  powder  of  a  dark 
chocolate  brown,  not  attracted  by  the  magnet.  Its  specific 
gravity  at  the  temperature  of  ef^^  was  5-918. 

By  an  ingenious  analysis  of  this  mineral,  Mr.  Hatchett  as»* 
pertained  that  it  was  composed  of  1  part  of  oxide  of  ironi 

*  Cbfio^ca)  Ao^lyset  of  Wol&^gi,  UvD^a^  t^y.  CtillM,  pu  9SU 
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in  reducing  this  oxide  to  the  metallic  state  by  putting  it  into  Chap.  III. 
a  charcoal  crucible  and  exposing  it  to  a  violent  heat.  ^^-"V*^ 

Tantalum  thus  reduced  has  a  dark  grey  colour  and  when  Propcrdo. 
scratched  with  a  knife  or  rubbed  against  a  fine  grindstone,  it 
assumes  the  metallic  lustre,  and  puts  on  the  appearance  of 
iron.  The  tantalum  had  not  been  melted,  but  its  particles 
adhered  firmly  together,  and  formed  a  mass  through  which 
water  would  not  penetrate.  Its  specific  gravity,  as  taken  by 
Dr.  WoUaston,  was  5*61.  But  as  the  mass  had  not  been 
melted,  there  can  be  no  doubt  that  the  true  specific  gravity 
of  tantalum  is  greater  than  this. 

The  grains  of  tantalum  are  hard  enough  to  scratch  glass. 
It  may  be  reduced  to  powder  by  trituration,  and  the  powder 
has  no  metallic  lustre,  but  a  dark  brown  colour.  It  is  not 
the  least  acted  on  by  muriatic  acid,  nitric  acid,  or  aqua  regia^ 
though  they  be  digested  on  it  for  several  days. 

II.  When  tantalum  is  heated  to  redness  it  takes  fire^  Oxidei. 
bums  feebly  without^any  flame,  and  goes  out  directly  if  it 
be  removed  firom  the  fire.  By  this  combustion  it  is  reduced 
to  a  greyish  white  matter.  But  Berzelius  could  not  suc- 
ceed by  this  method  in  his  attempts  to  convert  tantalum  in* 
to  an  oxide.  When  pulverized  tantalum  is  mixed  with 
nitre  and  thrown  into  a  red-hot  crucible,  a  feeble  detonation 
takes  place.  The  mass  is  snow  white  and  is  a  compound  of 
white  oxide  of  tantalum  and  potash.  The  potash  maybe 
separated  by  muriatic  acid  and  the  white  oxide  of  tantalum 
is  left  behind  combined^with  water.  This  hydrate,  accord- 
ing to  the  experiments  of  Berzelius,  is  a  compound  of 

Oxide  of  tantalum  ....  100 
Water 12*5 

Oxide  of  tantalum  is  insoluble  in  nitric  acid  and  sulphuric 
acid,  and  imperfectly  soluble  in  muriatic  acid.  While  in 
the  state  of  hydrate  it  dissolves  m  oxalic,  tartaric,  and  citric 
acids;  but  when  the  water  is  driven  off  by  heat  none  of 
these  acids  act  upon  it.  When  fused  with  eight  times  ita 
weight  of  carbonate  of  potash,  or  caustic  potash,  it  forms  a 
compound  which  dissolves  in  water,  and  it  may  be  precipi- 
tated firom  the  solution  by  muriatic  acid  in  the  state  of  a  hy- 
drate. Neither  prusmie  of  potash  nor  hydrosulphuret  of 
potash  throw  it  down  from  potash,  but  infusion  of  nutgalls 
occasions  an  orange  precipitate,  provided  there  be  no  excess 


^;BMfcl.^  rfther  of  aeid  or  alkili  in  the  soioCkin.*  Bcrgdius  bt 
"  shown  that  this  oxide  possesses  add  properties.  The  name 
columblc  add,  therefore,  given  it  by  Hatdiett  may  be  still 
retained*  Themean  of  four  experiments  made  by  Bemlioii 
in  mbkik  he  oxidiissd  determinate  weights  of  tuitaimn  by 
aseaos  rf  nitrc^  ghe  the  oompositioii  of  ooiombic  adud  at 
iilhnrs: 

Tantalmn 100 

Oxygexk 5*485 

AcocNfding  to  the  statement  of  BerzeUns,  rrrliMnhafit  of 
harytes  isconmosed  of 

Colombic add . . . .  100  ••••  24-4 
Baiytes 40....    975 

4 

This  would  make  the  eqfdvdeat  sninber  for  ooiombic  add 
.1  i  84<4.  But  no  eottfideoce  can  be  put  in  the  aaalysisi  as  we 
do  not  even  know  whether  the  eompoondwas  a  neutral  sslt. 
Were  we  to  suppose  eolomlHC  add  to  be  a  eompound  of 
100  tantalum  +  6'6  oxygen,  whifsh  denates  very  little  firaoi 
Beradios' numbers»  and  were  we  to  sqipose  fortlier  .that  it 
is  a  compound  of  1  atom  tantalum  +  1  atom  oxygei^tbfn  the 
wdgbt  of  an  atom  of  tantalum  would  be  18  and  of  columbic 
add  19.  For  100 :  5*5 : :  18 :  1  vciy  nearly.  In  the  present 
state  of  our  knowledge  we  must  be  satisfied  with  that  deteiw 
minatioD.  Supposing  it  correct,  then  the  columbate  of 
barytcs  of  Berzclius  would  be  a  compound  l^*  edd  +  1  ba» 
rytes,  or  (i  acid  +  2  barytes. 

III.  We  are  unacquainted  with  the  compounds  whidi 
tantalum  is  capable  of  forming  with  the  other  supporters 
of  combustion  and  with  the  acidifiable  combustibles  and 
metals,  with  the  exception  of  iron  ^nd  tungsten,  with  both  o^ 
which  Berzclius  alloyed  it. 
AUoyt  with  IV.  When  oxide  of  tantalum  is  mixed  with  iron  filings 
^^^'  and  strongly  healed  in  a  small  crucible,  it  is  reduced  to  the 

metallic  state  and  forms  an  alloy  with  the  iron.  This  alloy 
has  the  appearance  of  white  cast  iron,  except  that  it  wants 
its  crystalline  texture.  It  is  sufficiently  hard  to  scratch  glass. 
Aqua  regia  dissolves  the  iron  with  difficulty,  and  leaves  the 
tantalum  in  the  state  of  a  grey  powder. 

^  WoUastOB ;  Kicbdfon's  Joumsl,  sxv.  if. 
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V.  The  alloy  o(  tungsten  and  tantalum  resembled  pure  Chap.  in. 
tantalum,  but  was  much  firmer  and  harder,  and  readily  ^""V"**^ 
received  a  polish.  TuDgsunt 


SECT.  VI. 

OF  TITANIUM. 

In  the  valley  of  Menachan,  in  Cornwall,  there  is  found  Historj. 
a  black  sandj  bearing  a  strong  resemblance  to  gunpowder. 
It  was  examined  in  179 1  by  Mr.  Gregor,  who  found  it 
composed  almost  entirely  of  iron  and  the  oxide  of  a  new 
metal,  to  which  he  gave  the  name  of  menachine.*  He  at- 
tempted in  vain  to  reduce  this  oxide  to  the  metallic  state; 
but  his  experiments  were  sufficient  to  demonstrate  the  me- 
tallic nature  of  the  substance,  and  to  show  that  it  contained 
a  metal  till  then  absolutely  unknown.  This  curious  and 
ingenious  analysis  seems  to  have  excited  but  little  attention, 
since  nobody  thought  of  repeating  it,  or  of  verifying  the 
conclusions  of  Mr.  Gregor. 

But  in  1795  Klaproth  published  the  analysis  of  a  brown- 
idi-red  mineral,  knoii^ii  to  mineralogists  by  the  name  oSred 
ihorL  He  found  it  entirely  composed  of  the  oxide  of  a  pecit- 
liar  metal,  to  which  he  gave  tlie  name  of  tUofiium.f  He 
&iled  indeed  in  his  attempts  to  reduce  this  oxide;  but  his 
experiments  left  no  doubt  of  its  metallic  nature.  On  ex* 
amining  in  1797  the  black  mineral  analysed  by  Mr.  Gregor, 
he  found  it  a  compound  of  tlie  oxides  of  iron  and  titanium.} 
Consequently  the  analysisof  Mr.  Gregor  was  accurate^  and  his 
menachme  is  die  same  with  tUaniimiy  of  which  he  was  undoubt- 
edly the  original  discoverer.  The  term  ^i/a/zn/m  has  been  pre* 
ferred  by  chemists,  on  account  of  the  great  celebrity  and 
authority  of  the  illustrious  philosopher  who  imposed  it. 
Klaproth's  experiments  were  repeated,  confirmed,  and  ex- 
tended by  Vauquelin  and  Hecht  in  1796,  who  succeeded 
in  reducing  a  very  minute  portion  of  the  oxide  of  titanium 
to  the  metallic  state.$  They  were  repeated  also  and  con* 
jEirmed  by  Lowitz  of  Petersburgh   in  1798.||     Lampodius 

•  Jour,  de  PHys.  xxxiz.  72,  and  152.  t  Beitrage,  i.  933. 

t  Beitrage,  ii.  226.  §  Jour,  de  Min.  No.  xv.  10. 

I  Crell's  Anuals,  1790.  i.  183. 
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Rook  L    made  a  set  of  experiments  on  it  in  ISOSf*  and  a  new  Mitl 

iJMwmlh  experiments  on  it,  by  Laugier,  was  published  in  1814.f 
^  Oxide  of  titanium  may  be  obtained  by   the  following 

process :  lleduce  the  mineral  called  titanite  to  powder,  and 
fuse  it  with  twice  its  wei^t  of  caustic  potash.  Digest  the 
fused  mass  with  water,  and  pour  off  that  liquid  after  it  hat 
taken  up  every  thing  soluble.  Dissolve  the  brownisb-ied 
matter  that  remains  in  muriatic  acid,  and  into  the  clear 
solution  drop  a  little  oxalic  acid,  or  oxalate  of  ammonuu 
A  curdy  white  precipitate  fidls*  When  this  precipitate  is 
well  washed  and  dried  it  is  oxide  of  titanium  in  a  state  of 
purity. 
'  Laugier  endeavoured  to  reduce  this  oxide  to  the  metallic 

state  by  making  it  up  into  a  paste  with  oil,  and  exposing  it 
to  the  highest  temperature  that  could  be  raised  in  a  foige 
for  six  hours.  The  maia^  after  cooling,  coausted  oi  three 
distinct  layers.  The  centre  consisted  ot  VmUiant  needlea, 
similar  in  appearance  to  black  oxide  of  manganese  in  its 
crystallized  state.  The  surfieu^e  conusted  of  a  very  thin 
brown  coat,  similar  to  the  oxide  of  cc^per.  Between  these 
two  layers  there  was  a  third,  full  of  cavities,  and  having  the 
yellow  colour  of  gold.    This  last  Laugier  considered  ai 

Fropeities.  titanium  in  tlie  metallic  state.  It  has  considerable  lustre. 
It  is  brittle,  but  m  tliin  plates  has  considerable  elasticity. 
It  is  highly  infusible,  j: 

OiJitet.  IL  When  exposed  to  the  air,  it  tarnishes,  and  is  easQy 

oxidized  by  heat,  assuming  a  blue  colour.     It  detonates 
when  thrown  into  red-hot  nitre.§ 

It  seems  capable  of  forming  three  difierent  oxides;  namely, 
tlic  blue  or  purple^  the  red,  and  the  white. 

Ftotoxide.  1.  Tlie  protoxide,  which  is  of  a  blue  or  purple  colour,  ii 
formed  when  titanium  is  exposed  hot  to  the  open  air,  evi- 
dently in  consequence  of  tlie  absorption  of  oxygen* 

Dtuttuude.  2.  Tlie  deutoxidc  or  red  oxide  is  found  native.  It  is 
oflen  crystallized  in  four-sided  prisms ;  its  specific  gravity 
is  about  4*2  ;  and  it  is  hard  enough  to  scratch  glass.  When 
heated  it  becomes  brown,  and  when  urged  by  a  very  violent 
fire,  some  of  it  is  volatilized.  When  heated  suf&ciendj 
along  with  charcoal,  it  is  reduced  to  the  metallic  state. 

*  Nicliolson^s  Journal,  vi.  62.  f  Ann.  de  Chim.  Ixxxix.  306. 

J  Nicholson's  Jour.  vi.  62. 

§  Lampadius,  Nicholson's  Jour.  v>.  62. 
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5.  The  peroxide  or  white  oxide  may  be  obtained  by  Chap.  III. 
fusing  the  red  oxide  in  a  crucible  witli  four  times  its  weight  ^"^'VT^ 
of  potash,  and  dissolving  the  whole  in  water.     A  white 
powder  soon  precipitates,  which  is  the  white  oxide  of  tita- 
nium.    Vauquclin  and  Hecht  have  shown  that  it  is  com- 
posed of  89  parts  of  red  oxide  and  11  parts  of  oxygen. 

III.  1.  Titanium  does  not  seem  to  be  capable  of  com- Union  with 
bining  with  sulphur.*  blcT.*"""^ 

2.  Phosphuret  of  titanium  has  been  formed  by  Mr.  Che-  Phosphu- 
nevix  by  the  following  process.  He  put  a  mixture  of"^' 
charcoal,  phosphate  of  titanium  (phosphoric  acid  combined 
with  oxide  of  titanium)  and  a  little  borax,  into  a  double 
crucible,  well  luted,  and  exposed  it  to  the  heat  of  a  forge. 
A  gentle  heat  was  first  applied,  which  was  gradually  raised 
for  three  quarters  of  an  hour,  and  maintained  for  half  an 
hour  as  high  as  possible.  The  phosphuret  of  titanium  was 
found  in  the  crucible  in  the  form  of  a  metallic  button.  It 
is  of  a  pale-white  colour,  brittle,  and  granular ;  and  does 
not  melt  before  the  blow-pipe,  f 

IV.  Vauquelin  and  Hecht  attempted  to  combine  it  with  Alloys. 
Kilver,  copper,  lead^  and  arsenic,  but  without  success.    But 
they  combined  it  with  iron,  and  formed  an  alloy  of  a  grey 
colour,   interspersed  with  yellow-coloured  brilliant  parti- 
cles.   TThis  alloy  they  were  not  able  to  fuse. 

The  other  properties  of  this  untractable  metal  are  still 
unknown. 


Such  are  the  properties  of  tliis  gentis  of  bodies  as  far  as 
they  have  been  hitherto  investigated. 

1.  The  following  table  exhibits  some  of  the  most  striking 
characters  of  these  bodies. 

♦  Gregor.  +  Nicholson*!  Jour.  v.  134. 
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8.  Neither  the  chlorides  nor  iodides  of  these  metals  (if  we  Chap.  III. 
fKcept  antimony)  have  been  examined.  Neither  have  many 
experiments  been  made  on  their  compounds  with  the  acidi- 
fiside  and  alkalifiable  combustibles.  The  few  facts  which 
hare  been  ascertained  will  be  found  in  the  preceding 
Sections.    Any  recapitulation  here  seems  unnecessary. 


SECT.  vn. 

OF  THORINUM. 


This  metal  should  have  been  placed  in  the  second  family 
of  the  alkalifiable  combustibles  immediately  after  zirconium. 
But  as  it  has  only  become  known  to  the  chemical  world 
since  that  part  of  the  volume  was  printed,  I  am  under  the 
necessity  of  placing  it  here. 

It  was  discovered  in  1815  by  Professor  Berzelius,  while  Hisiorj. 
engaged  in  the  analysis  of  the  gadolinite  of  Korarvet. 
But  as  he  obtained  it  only  in  very  small  quantity,  and  as  it 
was  detected  only  in  one  specimen,  he  did  not  mention  it 
in  his  paper  on  gadolinite  published  in  the  fourth  volume 
of  the  Afhandlingar.  But  in  the  summer  of  1816,  while 
engaged  with  Assessor  Oahn  in  examining  the  minerals 
in  the  neighbourhood  of  Fahlun,  he  found  it  again  in  two 
new  minerals,  the  deutojlttate  ofctrium  and  the  double  fluaie 
of  cerivm  and  yttria.  But  it  was  only  occasionally  present 
in  these  minerals  as  had  been  the  case  in  the  gadolinite  of 
Korarvet ;  and  all  of  it  which  Berzelius  obtaSned  did  not 
amount  to  qtlite  7t  grains.  He  printed  however  in  the 
fifth  vohutne  of  the  AT  hadlingar  a  description  of  its  proper- 
ties as  fiur  as  he  was  able  to  ascertain  them ;  and  from  that 
paper  I  hav^  extracted  the  following  account.* 

The  oxide  only  of  this  new  metal  has  been  obtained,  and 
as  it  is  white  and  incapable  of  being  reduced  by  means  of 
charcoal,  it  agrees  in  its  properties  with  the  earths.  On 
that  account  Berzelius  has  distinguished  this  oxide  by  the 
name  of  thoriruif  and  classed  it  along  with  zirconia. 

Thorina  may  be  obtained  from  die  minerals  containing  Prepantion 

of  ihorina. 

*  A  tranalatioii  of  the  paper  will  be  fbund  in  the  Annals  of  Philosophy, 
\x.4M. 
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/uDos  no  precipitate  when  added  to  this  lohitioii  or  to  the  chap.  in. 
muriate  of  thorina.  ^— v^^ 

Tborina  diMoIves  readily  in  nitric  acid^  imlefls  it  has 
been  exposed  to  a  red  heat.  In  that  case  nitric  acid  dis* 
solves  it  only  in  consequence  of  long  boiling.  The  solu« 
tion  does  not  crystallize,  but  forms  a  mucilaginous  mass 
which  becomes  more  liquid  by  exposure  to  the  air,  and 
which  when  evaporated  by  a  moderate  heat  leaves  a  whiter 
opaque  mass,  similar  to  ^amel,  in  a  great  measure  inso- 
luble in  water.  When  the  neutral  solution  is  boiled  a  great 
portion  of  the  earth  is  precipitated.  A  slight  calcination 
leaves  the  earth  with  its  white  colour,  so  that  we  discover 
no  evidence  of  a  higher  degree  of  oxydizement. 

Thorina  dissolves  in  muriatic  acid  in  the  same  way  as  in 
nitric  The  solution  does  not  crystallize.  When  evapo« 
rated  by  a  moderate  heat  it  is  converted  into  a  syrupy  mass^ 
which  does  not  deliquesce  in  the  air ;  but  dries,  becomes 
white  like  enamel,  and  afterwards  dissolves  only  in  very 
small  quantity  in  water,  leaving  a  subsalt  undissolved. 
When  the  muriate,  not  too  acid,  is  diluted  with  water  and 
boiled,  the  greatest  part  of  the  thorina  is  precipitated. 

.When  the  nitrate  or  muriate  of  thorina  is  evaporated  by 
a  strong  heat,  it  leaves  on  the  edges  of  the  vessel  a  white 
opaque  film,  having  the  appearance  of  enamel.  It  appears 
very  distinctly  when  the  liquid  is  made  to  pass  over  the 
inside  of  the  glass.  This  is  a  very  characteristic  mark  of 
this  earth. 

Tliorina  combines  eagerly  with  carbonic  acid.  The  pre- 
cipitates produced  by  caustic  ammonia,  or  by  boiling  the 
neutral  solutions  of  the  earth,  absorb  carbonic  acid  from 
the  air  while  drying.  The  alkaline  carbonates  precipitate 
the  earth  combined  with  the  whole  of  their  acid. 

Thorina  is  precipitated  by  oxalate  of  ammonia  in  the  Action  of 
state  of  a  white,  bulky  matter,  insoluble  in  water  and  ia '^'6^°^^' 
caustic  alkalies. 

Tartrate  of  ammonia  throws  down  a  white  precipitate^ 
which  redissolves  at  first  and  does  not  become  permanent 
till  a  sufficient  quantity  of  the  salt  has  been  added.  This 
precipitate  is  redissolved  by  caustic  ammonia.  Boiling 
drives  off  the  ammonia,  but  the  earth  is  not  precipitated 
till  the  liquid  has  been  concentrated  to  a  certain  degree 
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the  following  properties.  1.  After  being  heated  to  redness  Chap.  in. 
it  is  still  capable  of  being  dissolved  in  acids.  2.  Sulphate 
of  potash  does  not  precipitate  it  firom  its  solutions,  while  it 
precipitates  zirconia  from  a  solution,  containing  even  a 
considerable  excess  of  acid.  3.  It  is  precipitated  by  ox- 
alate of  ammonia,  which  is  not  the  case  with  zirconia. 
4.  Sulphate  of  thorina  crystallizes  readily,  while  sulphate 
of  zirconia,  supposing  it  free  from  alkali,  forms,  when 
dried,  a  gelatinous  transparent  mass,  without  any  tendency 
to  crystallization. 
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